HIGH PERFORMANCE VENTILATION
for Commercial Buildings
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High Performance Buildings

 Energy
efficient
* Durable
* Resilient
e Healthy

« Comfortable
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Energy Efficient

* Highly insulated

e Superior verified
air-sealing

 Thermal bridges
eliminated

e Low u-value
windows

« Efficient heating &
AC systems

 Heat Recovery
Ventilation (HRV)

\IE\\\TAU_TIESTEMS Chapter 1: High Performance Buildings:

ALWAYS HEALTHY - ALWAYS EFFICIENT Mary 2017 | © Ventacity Systems, Inc.



Durable

e Durable long-
lasting materials

* High integrity
water barrier

» Verified air-
sealing

e Superior
workmanship

e Quality control
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Resiliant

* Designed to
withstand flooding

* Drought tolerant

« Buffer temperature
extremes in power

outage
e Operable windows

« Daylighting
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\ : ‘\;“E‘-
N « Exceptional indoor
T i air quality
S  Source control of
i 4y 4
4’ pollutants
- * No/low VOC
materials

« Daylighting
e Humidity control
* Noise reduction

« High water quality
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Comfortable

» Exceptional indoor
air quality

 Temperature
zones and control

 Window surface
temperature

Daylighting

e Humidity control

 Noise reduction

 Aesthetic
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High Performance Rating Systems

O e Passive House
Passive House ° LEED
Institute  Living Building
Challenge
e Well Building
4 LIVING Standard
2 BUILDING
- CHALLENGE
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Side Benefits of High Performance Buildings

* Happy occupants
* Higher productivity

« Higher rent and/or
lower vacancy rate

* Increased building
value

* Hedged energy
COSts
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A Very Busy Roof
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Plenty of Hot Air!
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Exhaust the Kitchen (and suck up some grease)
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Exhaust the Bathroom
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Single Supply for Two or Three Bedrooms

To Bath & Kitchen
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Application: Multifamily Residential
Traditional Design

Bedroom occugied at
CO2, ppm 11:15 pm with door
2500 closed

Exhaust fan turned on at

2000 /,.A/ 1:30 am at 88 CFM

1500 (ASHRAE 62.2 Rate for
house is 62 CFM

1000 L\ —C02, ppm Exhaust fan off at 6:00
am

500

Door open at 6:30 am

21:45 -
22:15 -
22:45 -

23:15 -
23:45
0:15
0:45
1:15
1:45
2:15
2:45
3:15 -
3:45
4:15
4:45
5:15
5:45
6:15
6:45
7:15

What is the ACH In
the Bedrooms?

NOT ENOUGH!
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Chapter 2: Why Ventilation Matters
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Why Ventilate? Air is Life

For breath is life, and if
you breathe well you
will live long on earth.
~Sanskrit Proverb
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Why Ventilate? Air is Important
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People can survive:

e 21-40+days
without food

e 4-7 days without
water

e Only minutes
without air!

Fresh air is critical to
our health and survival
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Why Ventilate? Better Indoor
Environment

e Air Humidity

* (CO:.Concentration
e VOC’s

e Smells

e Allergens

e Temperature
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Why Ventilate? Healthier
Conditions

A e Lawrence Berkeley

‘ National Laboratory
study of California
classrooms

* |ncreasing ventilation
from 8 CFM/student to
15 CFM/student

e Reduced sickness
related absenteeism by
almost 4%
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Why Ventilate? Better
Performance

"+ e Harvard/Syracuse study
of cognitive function in

office workers:
e Green days 61% better
e Green+ days 101% better

e Most effected categories
were crisis response,
information usage, and
strategy
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HEALTHY AND
EFFICIENT

Retrofit For Improved IAQ

WITHOUT PROPER
VENTILATION,

IAQ SUFFERS

UNDERVENTILATING
IS UNHEALTHY

DESIGN TO OPTIMIZE

Dorm 10 North Wing

2500 -

2000

1500

1006~

500 -
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Chapter 3: Emerging Commercial Codes
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Proposed Changes to the Canadian National
Codes for Buildings (2017)

5.2.10.1. Heat-Energy Recovery Systems

Table 5.2.10.1.-A
Supply Fan Airflow Rate Threshold Values at which an Energy Recovery System is Required for the
Exhaust Air System: NON-CONTINUOUSLY OPERATING VENTILATION SYSTEMS
Forming Part of Sentence 5.2.10.1.(1)

Percentage of Qutdoor Air at Design Airflow Conditions
Heating Degree-Days of o 220 2 30% 2 40% | 250% 260% | 270%
Building Location," in 21230# and< | and< and< | and < and< | and < 2 80%
Celcius Degree-Days =05 30% 40% 50% | 60% 70% | 80%
Design Supply Fan Airflow Rate Threshold VaIues_‘E’I L/s
Zone 4:" < 3000 NR NR NR NR NR NR NR NR
Zone 5:* 3000 to 3999 212 270 2755022600 | 22120 21650 | 2940 | 2470 R
Zone 6:* 4000 to 4999 212 270 27550 | 22600 | 22120 21650 | 2940 | 2470 R
12
ggggs 7A and 7B:"" 5000 to 22120 >1890 | 21180 | 2470 R R R R
Zone 8: > 7000 22120 21890 [ 21180 | 2470 R R R R

Notes to Table 5.2.10.1.-A:

"' Ventilation systems that operate less than 8 000 hours per year are considered “non-continously

operating.”

@ NR = energy recovery system is not required at any design supply fan airflow rate
R = energy recovery system is required at all design supply fan airflow rates

) See Sentence 1.1.4.1.(1).

_t T See Note A-Table 3.2.2.2.
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Proposed Changes to the Canadian National
Codes for Buildings (2017)

5.2.10.1. Heat-Energy Recovery Systems

Table 5.2.10.1.-B
Supply Fan Airflow Rate Threshold Values at which an Energy Recovery System is Required for the
Exhaust Air System: CONTINUOUSLY OPERATING VENTILATION SYSTEMS'"
Forming Part of Sentence 5.2.10.1.(1
Percentage of Outdoor Air at Design Airflow Conditions
Heating Degree-Days of Buildingl 210% | 220 230% |240% | 250% |260% | 270%
Location,” in Celcius Degree- | and< | and< |and< |and< |and< |and< |and< | 280%

Days 20% | 30% | 40% 50% | 60% 70% | 80%
Design Supply Fan Airflow Rate Threshold Values,” Lis
Zone 4:" <3000 NR  [29200|24250 | 22360/ 21890 |21420{ 2710 |R
Al other zones:™ > 3000 R R R R R R R R

Notes to Table 5.2.10.1.-B:
""'Ventilation systems that operate 8 000 hours or more per year are considered “continously operating.”
“'NR = energy recovery system is not required at any design supply fan airflow rate
R = enerqgy recovery system is required at all design supply fan airflow rates
*) See Sentence 1.1.4.1.(1).
"/ See Note A-Table 3.2.2.2.
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Adopted Washington State
Commercial Mechanical Code 1 July 2017

Section C403.6—Dedicated outdoor air systems (DOAS).

C403.6 Dedicated outdoor air systems (DOAS) (This section is optional until June 30, 2017; and becomes prescriptive as of July 1, 2017). For

office, retail, education, libraries and fire stations. Outdoor air shall be provided to each occupied space by a dedicated outdoor air system (DOAS)

which delivers 100 percent outdoor air without requiring operation of the heating and cooling system fans for ventilation air delivery.

EXCEPTIONS: 1. Occupied spaces that are not ventilated by a mechanical ventilation system and are only ventilated by a natural ventilation system
per Section 402 of the International Mechanical Code.

2. High efficiency variable air volume (VAV) systems complying with Section C403.7. This exception shall not be used as a
substitution for a DOAS per Section C406.6 or as a modification to the requirements for the Standard Reference Design per Section
C407.

C403.6.1 Energy recovery ventilation with DOAS. The DOAS shall include energy recovery ventilation that complies with the minimum energy

recovery efficiency and energy recovery bypass requirements, where applicable, of Section C403.5.1.

EXCEPTIONS: 1. Occupied spaces under the threshold of Section C403.5 with an average occupant load greater than 25 people per 1000 square feet
(93 m2) of floor area (as established in Table 403.3.1.1 of the International Mechanical Code) that include demand control
ventilation configured to reduce outdoor air by at least 50% below design minimum ventilation rates when the actual occupancy of
the space served by the system is less than the design occupancy.

2. Systems installed for the sole purpose of providing makeup air for systems exhausting toxic, flammable, paint, or corrosive fumes
or dust, dryer exhaust, or commercial kitchen hoods used for collecting and removing grease vapors and smoke.

C403.6.2 Heating/cooling system fan controls. Heating and cooling equipment fans, heating and cooling circulation pumps, and terminal unit fans

shall cycle off and terminal unit primary cooling air shall be shut off when there is no call for heating or cooling in the zone.

EXCEPTION:Fans used for heating and cooling using less than 0.12 watts per cfm may operate when space temperatures are within the setpoint

deadband (Section C403.2.4.1.2) to provide destratification and air mixing in the space.

C403.6.3 Impracticality. Where the code official determines that full compliance with all the requirements of Sections C403.6.1 and C403.6.2

would be impractical, it is permissible to provide an approved alternate means of compliance that achieves a comparable level of energy efficiency.

For the purposes of this section, impractical means that an HVAC system complying with Section C403.6 cannot effectively be utilized due to an

unusual use or configuration of the building.
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Proposed Change to the Washington State
Commercial Mechanical Code 1 July 2017

Table C403.5.1(1)
Energy Recovery Requirement
(Ventilation systems operating less than 8,000 hours per year)

Percent (%) Outdoor Air at Full Design Airflow Rate

Climate >10%and | 220% and | 230%and | 240% and | =250%and | 260% and | =70% and | =80%
zone <20% <30% <40% < 50% < 60% <70% < 80%
Design Supply Fan Airflow Rate (cfm)
4C, 5B NR NR NR NR NR NR =>5000 =>5000

NR = Not required.

Table C403.5.1(2)
Energy Recovery Requirement
(Ventilation systems operating not less than 8,000 hours per year)

Percent (%) Outdoor Air at Full Design Airflow Rate

Climate >10%and | 220%and | 230%and | 240% and | 250% and | =260% and | =70%and | =80%
zone <20% <30% < 40% < 50% < 60% < 70% < 80%
Design Supply Fan Airflow Rate (¢fm)
4C NR = 19500 =9000 = 5000 = 4000 = 3000 = 1500 =0
5B = 2500 > 2000 = 1000 =500 =0 =0 =0 =0

NR = Not required.
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Chapter 4: Ventilation Requirements
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How Much Ventilation is Needed?

 [nternational

Ventiation Mechanical Code
for Acceptable
Indoor Air Quality (I M C)

- ASHRAE 62.1

 Passive House

« National Building
Code of Canada

National

Building Code
of Canada
e
1
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How much Ventilation is needed?
2015 National Building Code of Canada

[T]he rates at which outdoor air is supplied in buildings by  National Building

ventilation systems shall be not less than the rates required by
ANSI/ASHRAE 62, “Ventilation for Acceptable Indoor Air Quality” Code of Canada

‘ » References
CODES CANADA ASH RAE 62.1
; for flow rates

AN ALSRAR Toardad 02120
S e WA BIBAY Toain § 470 BN
e LY e B gty ] = by d + &

Ventilation
for Acceptable
Indoor Air Quality

National _
Building Code . ~
of Canada 7 V0
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How Much Ventilation is Needed?
ASHRAE Standard 62.1 2016

e Table 6.2.2.1
. Minimum

TABLE 6.2.2.1 Minimum Ventilation
(Table 6.2.2.1 shall be used in conjunction with the accompanying notes.)
Default Values
People Outdoor  Area Outdoor e . .
ANTIL ASBRAR Soadiard L Air Rate Air Rate Occupant Density Combined Outdoor
i &, R, (see Note 4 Air Rate (see Note 5)
Mgt A AL AY ot § 40 ¢ N
pe o cfm/ Ls: #1000 i cfm/ Ls: Air
Triieliee ANBAAIAA sl Sl & Sygme Occupancy Category person  person  cfm/f® Lism? Notes or #/100 m? person  person  Class
Correctional Facilities
L & celt s 25 (XS 2 10 49 2 - -
entilation - R coon IN Breathin one
‘Guard stations s 25 006 03 1s 9 as 1
f A tab l Booking/waiting 75 38 006 03 50 9 44 2
or Accep e
- _ Dayeare (through age 4) 10 5 018 09 2 7 86 2
lndoor Al r ual' Dayecare sickroom 10 5 018 09 25 17 86 3
Classrooms (ages 5-8) 10 5 02 06 25 1s 74 1 [ ] a e
]
Classtooms (age 9 plus) 10 5 02 06 35 13 61 1
H 6 8 43 1
TABLE 6.5 Minimum Exhaust Rates H o150 8 a0 1 . .
Exhaust Rate,  Exhaust Rate, Exhaust Rate,  Exhaust Rate,  Air D D R 2
Occupancy Category cfm/unit cfm/ft? Notes  L/sunit Lism? Class 25 17 86 2
Arenas — 050 B — — T 2 7 86 2
s Mt i W o . T St (M Art classrooms — 070 — 35 2
PR VR — DT _ 150 A _ 75 2 20 19 95 2
o 2 15 74 1
- > = 4 Banber shops — 0.50 — 25 2
i b bt . W st gops S sy ¥l Beauty and nail salons. = 0.60 — 30 2 A 25 15 74 1
S e s s o s S v ¥ Cels with toilet - 100 - 50 2 Ho35 12 59 !
e wm m W e ey .
ey ey - P Copy, printing rooms — 0.50 — 25 2 o100 8 41 1
M —— . . o . Wy sl Darkrooms — 100 — 50 2
Sam smnfuins.ay to SRR Sayne Educational science laboratories — 1.00 — 5.0 2 70 10 5.1 2
—— e e N B it e o .
Janitor closets, trash rooms, recycling  — 1.00 — 50 3 100 9 47 2
* ] Kitcheneties = 030 = 15 2 100 9 47 2
Kitchens—commercial - 070 - 35 2 20 14 70 2
Locker rooms for athletic, industrial, — — 0.50 = 25 2
and health care facilities s o s stcd g et
)
Al other locker rooms. = 025 — 125 2 o Lam (101 e,
Shower rooms 20150 Gl 1025 2 upant densty s nt kv,
Paint spray booths — — — — 4 w
Parking garages = 075 @ = 37 2
Pet sh imal — 0.90 — 45 2
et shops (animal arcas) e sl b s
Refiigerating machinery rooms = = F = = 3
Residential kitchens 507100 — G 25/50 — 2 Pk
Soiled laundry storage rooms — 1.00 F — 50 3 \
_ _ it one addiional pesonfor esch addiiona bedroom.
Storage rooms, chemical 150 F 75 4 Wkt
Toilets—private 25/50 - EH 12505 — 2 e space i i ocupiedstandby mode
Toilets—public 50170 — DH 2535 — 2
‘Woodwork shop/classrooms = 0.50 = 25 2 B
NOTES:
A fumes
B Y
D Rat s per wtercloset,urinal, o bt
o
ihe higher e shall be sed.
¥ Sec other applicablestandards forexhaust
G
u h 161
1 Rate s pershowerhead.
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How Much Ventilation is Needed?
ASHRAE Standard 62.1 — Table 6.2.2.1

TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone

(Table 6.2.2.1 shall be used in conjunction with the accompanying notes.) ® P e O p I e O U td O O r
P oor oor Default Values Ai r R a te

Air Rate Air Rate Occupant Dehgity Combined Outdoor
R, R, (see Note 4) Air Rate (see Note 5)

cfm/ L/s #1000 ft> cfm/ L/s* r H
Occupancy Category person per‘ yon cfm/f® L/s'm? otes  or #/100 m? iperson pers C:ass e Are a O u td O O r AI r

Correctional Facilities \
Cell 12 10 49 R ate

2
Dayroom 5 25 0.06 0.3 30 7 35 1
Guard stations 5 2.5 0.06 0.3 15 9 45 1 ° D efau It
Booking/waiting 75 38 0.06 0.3 50 9 44 2
Educational Facilities O
Daycare (through age 4) 10 5 0.18 0.9 25 17 8.6 2 C C u p a n Cy
Daycare sickroom 10 5 0.18 0.9 25 17 8.6 3
Classrooms (ages 5-8) 10 5 012 06 25 15 74 1 ° AI r C | ass
Classrooms (age 9 plus) 10 5 0.12 0.6 35 13 6.7 1
Lecture classroom 7.5 3.8 0.06 0.3 H 65 8 43 1
Lecture hall (fixed seats) 7.5 3.8 0.06 0.3 H 150 8 4.0 1

Vbz = (Rp X Pz) + (Ra x Az)

Zone Airflow = (People Rate x Number People) + (Area Rate x Area)
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How Much Ventilation is Needed?
ASHRAE Standard 62.1 — Table 6.2.2.2

TABLE 6.2.2.2 Zone Air Distribution Effectiveness

Air Distribution Configuration E,
Qeiling supply of cool air AI,Q)
il alr an 1.0

Ceiling supply of warm air 15°F (8°C) or more above 0.8
space temperature and ceiling return

Ceiling supply of warm air less than 15°F (8°C) above 1.0
space temperature and ceiling return provided that the

150 fpm (0.8 m/s) supply air jet reaches to within 4.5 ft

(1.4 m) of floor level (See Note 6)

Floor supply of cao

eight of 4.5 ft (1.4 m) or more above the floor

Floor supply of cool air and ceiling return, provided 1.2
low-velocity displacement ventilation achieves
unidirectional flow and thermal stratification, or
underfloor air distribution systems where the vertical
throw is less than or equal to 50 fpm (0.25 m/s) at a
height of 4.5 ft (1.4 m) above the floor

1.0
Floor supply of warm air and ceiling return 0.7

Makeup supply drawn in on the opposite side of the 0.8
room from the exhaust, return, or both.

Makeup supply drawn in near to the exhaust, return, or 0.5
both locations.

\|ENTAE‘TY SYSTEMS
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Voz = Vbz/0.8 = 1.25Vbz

Voz = Vbz/Ez
Outdoor _ Zone Airflow
Airflow Effectiveness

25%
Increase!

Zone Air
Distribution
Effectiveness

Amount of outdoor
airflow depends
upon distribution
configuration

Cool air supply by
DOAS system
minimizes amount
of outside air
required
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How Much Ventilation is Needed?
ASHRAE Standard 62.1 — Table 6.5

TABLE 6.5 Minimum Exhaust Ratey—\ /\ E h R
° Xhaust Rate per
Exhaust Rate, Exhaust Rate, Exhaust Rate, Exhaust R;
Occupancy Category cfm/unit cfm/ft? Notes L/s-unit L/s'm? .
Arenas 0.50 B — — U NIt
Art classrooms — 3.5
Auto repair rooms — 1.50 A — 7.5 2
« Exhaust Rat
Barber shops — 0.50 — 25 2 X au S a. e e r
Beauty and nail salons — 0.60 — 3.0 2
Cells with toilet — 1.00 — 5.0 2 Area
Copy, printing rooms — 0.50 — 2.5 2
Darkrooms — 1.00 — 5.0 2 .
Educational science laboratories — 1.00 — 5.0 2 d / \I r C I aSS
Janitor closets, trash rooms, recycling — 1.00 — 5.0 3
* Private Tollets:
Residential kitchens 50/100 — G 25/50 — 2 r Iva e O I e S "
Soiled laundry storage rooms — 1.00 F — 5.0 3 . .
Storage rooms, chemical — 1.50 F — 7.5 4 SI n g | e to I | et
Toilets—private 25/50 — E,H 12.5/25 — 2
Toilets—public 50/70 — D,H 25/35 — 2 . H .
e Public Toilet
Woodwork shop/classrooms — 0.50 — 25 2 u I C 0 I e S .
NOTES: . .
A Stands where cngmes are run shall have exhaust systems that directly connect to the engine exhaust and prevent escape of fumes. m | t I t I t
B Where t p is i ded to be used on the playing surface additional dilution ventilation, source control, or both shall be provided. u I e O I e S
C Exhaust shall not be requlred where two or more sides comprise walls that are at least 50% open to the outside.
D Rate is per water closet, urinal, or both. Provide the higher rate where periods of heavy use are expected to occur. The lower rate shall be permitted to be used otherwise.
E Rate s for a toilet room intended to be occupied by one person at a time. For continuous system operation during hours of use, the lower rate shall be permitted to be used. Otherwise
the higher rate shall be used.
F See other applicable standards for exhaust rate.
G For continuous system operation, the lower rate shall be permitted to be used. Otherwise the higher rate shall be used.
H Exhaust air that has been cleaned to meet Class 1 criteria from Section 5.16.1 shall be permitted to be recirculated.
1 Rate is per showerhead.
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How Much Ventilation is Needed?
Passive House Institute

O * Very little
_ prescriptive rates
Fassive House :
. available
/nstitute
e Generally follow
Passive House Non-Residential Air Flow Rate Guidelines code/ASHRAE
Rate Rate I
[CFM/P] [CMH/P]  Note requirements.
 Demand control
Schools dto 12 151020 o2 Jimit between 1200 -1500 PPM .
whenever feasible
: 18 30 L .
Office to minimize airflow
Gymnasium e e Demand control recommended to meet occu pancy

JENTAEITY SYSTE, o Chapter 4: Ventilation Requirements
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How Much Ventilation is Needed?
Other High-Performance Standards

L LIVING
, BUILDING

\|€NTACITY SYSTEMS

AN ASBEAL Veardard 12 1 3018
S i W AIBLG Twnia ¥ 4T 2 W N
e W ST My by S = byg—ty &

Ventilation
for Acceptable
Indoor Air Quality

e e £ e s s B e B U i & | i B PSR, Bed 8 | St o P

All these standards
reference ASHRAE
62.1

LEED and Well
Building Standard
offer points for 30%
higher airflow than
ASHRAE 62.1

Chapter 4: Ventilation Requirements
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Chapter 5: What’s In The Box?

\IENTAU_T:ESTEMS Chapter 5: What's In The Box?:
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Enthalpy Wheel ERV

Stale air
from building

Fresh air
to building

Stale air
to outside

Fresh air
from outside
\lENTACl_TIESTEMS Chapter 5: What’s In The Box?
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Options for H/ERV Cores

b
Schematic diagram y 3 —D2
| cross flow
counter flow
cross flow cross counter flow counter flow
heat exchanger heat exchanger heat exchanger

heat exchanger surface [m?] 4-10 6-—14 17 - 60

[ft?] 0,4-0,9 0,6 -1,3 1,6 —5,6
o m E E
heat recovery [%] 50-70 70 - 80 85-99
effective like in PHPP (92)

\IENTAE‘_TIESTEMS Chapter 5: What's In The Box?
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High Efficiency Counter-Flow Heat Exchanger

\IE‘\‘TACI_T:ESTEMS Chapter 5: What's In The Box?
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Cross-Flow Heat Exchanger

extract air @ ® intake air ,
20 °C (= 68 °F) 0 °C (= 32 °F) @ extract air fan

.}I <:| @ supply air fan

(® cross flow plate
exhaust air heat exchanger

8 °C (= 46 °F) @ extract air filter
® intake air filter

supply air
12 °C (= 54 °F)

Condensation only below
dew-point temperature

Counter-l;low Heat Exchanger

' @ extract air fan
. ¢ E @ ﬂ : . @ supply air fan
intake air haust
exhaust air
op (= 29 © # o ® counter flow channel heat
K GmatE) A exchanger (patent-PAUL)
A @ extract air filter
e = ® intake air filter
[ Ofl p
| @
supply air @ extract air
18 °C (~ 64 °F 20 °C (= 68 °F)

\leNTACITY SYSTEMS
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Plate Exchanger with Enthalpy Recovery

M o o
kel
v - "
® o
-
7/ /) A././.I’;/7
7/ / IZ;/; 7 '/// 7/ W ////22 7, / C %%”/A
i i ////;/ / i
x . - //
7/ I, Y, /) 7/ L/ /)
W g W 7 i
? /////77//% 7 7% i ;,,,,/,
)
¢ . ) [
. . ] [ ° o . )
o ° 0
e water vapor & 0 ° . - ; .
e heat o ’ ’ 0
* odors e
e gases, contaminants
Y :
JENTACITY SYSTE, Chapter 5: What's In The Box?
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Should you use an HRV or an ERV?

Tight, well-built buildings in

cold and mixed climates

need dry outside air in the

wintertime to mitigate the
interior latent loads.

e . Otherwise moisture related

problems could occur.

for Commercial and Institutional Buildings

Chapter 5: What's In The Box?



THE EFFECT OF ENTHALPY RECOVERY
VENTILATION ON THE RESIDENTIAL INDOOR
CLIMATE

Bart Cremers

Zehnder Group Nederland
Lingenstraat 2
8028 PM Zwolle, The Netherlands
bart.cremers @ zehndergroup.com

012 3 4 5 6 7 8 9 1011121314 151617 18 19 20

01 23 456 7 8 951011121314151617 1819 20
S S S S - | 40

40 | T— Y S
x (g/kg) x (g/kg
7Y S AN I N I I S I N N 35
70% RH 10% 20% 30% 40% 50% 60% 70%
ot 30 1 T T /.’ T /’ T /_’ T //_«’ T /‘_/‘ T ;,-/’f T _,-" > |
1 20% / / // g //,/ p /___,—/ 80%
| / / i, S _/__,"' o o
90% 25 | / / ! St I (R p
b e - s -~ B e A
/ - v > A L L~ 100%
100% / / Y - |~ AT L
20 /LY Lol ||
/ / /| 7 7 | A
s | fall -l A
pil i/ / |
heat exchanger = H ;, /’ / I enthalpy exchanger |
[l { Y 7/
/ /) /A
! ! ! 5 / A f £ 7 ! | -
+ outdoor air ( TN/ + outdoor air
+ supply air J « supply air
extract air extract air
+ exhaust air . eghaqst air

Figure 3: The effect of a heat exchanger (a) and an enthalpy exchanger (b) on the supply air and the indoor air.

\leNTACITY SYSTEMS
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Should you use an HRV or an ERV?

Sheathing relative humidity - North

8

8

70 1

Measured Relative Humidity at the interior sheathing
surface - North orientaiton [%]
£

" RDH sz

15 Jun-04 15-Aug-13 15-Oct-22 15-Dec-31 16-Mar-10 16-May-19 16-Jul-28 16-Oct-06 16-Dec-15 17-Feb-23 17-May-04
——MN1 Sheathing1 RH ——N1 Sheathing2 RH ——N2Sheathingl RH ——N2 Sheathing 2 RH




Should you use an HRV or an ERV?

Sheathlng temperature North

85 e | e R ™
30

- 84
g 72 =
o ‘ g
£ 20 g
E. - 64 @
E 15 | £
g " ., B
o ¥ 4. ™
7] ‘ [z
o | -4 D
= 5 L1111 e 1 LR E L LB P L] T =

5 0 0. 0 1 O O [ 34

5 - 1 - 24

1 'I ml_nmssnmca ’
-10 —— 14

15-lun-04 15- Aug 13 15-Oct-22 15-Dec-31 16-Mar 10 16-May 19 16- Jul 28 16-Oct-06 16-Dec-15 17- Feb—23 17- May—04
——N1 Upper Sheathing Temp (MC) ——N1 Mid Height Sheathing Temp (MC) ——N1 Lower Sheathing Temp (MC)



Should you use an HRV or an ERV?

\IEN'\'AUTY SYSTEMS
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Project Information Quick Selector
Project Name: Example Project Name .

) pe el Ventacity HRV / ERV
City: Portland Ventacity Model V83000
State/Province: OR Altitude 100 |ft
Org Name: Customer Co, Inc. Supply Flow 2400 |CFM
Org Contact Name:  John Doe Exhaust Flow 2400 |CFM

Org Contact Phone:  800-555-1212

Org Contact Email:  john@buildingowner.com
Created By: You

Created On: 1/1/2020

Project Conditions

Total Load 49.47 kBTU/h

Total Load 116.12 kBTU/h
(Sensible)

Total OA Load (Uncond. / HRV / ERV)

Total Load

Total Load
(Sensible)

7.47 kBTU/h

15.23 kBTU/h

ERV REDUX

-37.4 | kBTUNK

-87.8 | kBTUM

Total Load 12.1 kBTU/h

Total Load 28.3 kBTU/h
(Sensible)

Chapter 5: What's In The Box?



70
60
50
40

HRV System

Event
Begin shower

Continuous Exhaust Ventilation With Balanced

140
20
00
80

1
1

HY %

30
20
10

(=]
W 6T YT0T/ST/20

STTLYTI0Z/ST/20
142 v102/S1/20
SLTTYT0L/ST/C0
¢ ST:ZZ Y102/5T/20
T r10z/s1/z0
60:7Z ¥102/51/20
90:2C v102/51/20
£0:TZ PT0Z/5T/20
00:7Z ¥T0Z/51/20
95 TZ ¥10T/51/20
€5 T2 ¥T0Z/ST/20
6Y:TC v102/51/20
WL YT0Z/5T/20
£V T YT0Z/5T/20
OF:TZ ¥T0Z/5T/20
9EITZ ¥ T0Z/5T/20
£E T YTOZ/ST/20
6012 ¥102/51/20
9T T YT0T/ST/0
ETTLYT0T/ST/20
6L TZ $T0Z/51/20
UTZ vT0Z/ST/20
ELTZ PT0Z/5T/20
80:1Z v10Z/51/20
SO:TZ YT0Z/ST/20
20 TZ PI0T/ST/20
6502 vT0Z/5T/20
5:02 ¥T0Z/ST/20
15:0Z ¥102/51/20
8Y:0Z ¥10Z/51/20
S:0Z $102/51/20
0T $10Z/5T/20
6E:0C P10Z/ST/20
SE:0Z YT0Z/ST/20
TE0Z PT0Z/ST/20

Elapsed time
00:11
00:15
00:06
00:59
01:31

Relative Humidity
29%
33%
65%
53%
30%

End of shower
Peak humidity reached

Post-shower peakin RH
Return to normal RH

21:03
21:18
21:24
22:23

Start time
20:52
Total time

(4) dway

Chapter 5: What's In The Box?
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% -

&deg;F - Master Bath
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Exhaust Only Utilizing HRV

label
100
(@]
c
5 80
°
Relative £ 60
Humidity o
o
© PSR AN A -
2 40
<
20
Start time Event Relative Humidity Temperature Elapsed time
05:44:00 Begin shower 45% 66.0 F
05:54:00 Peak humidity reached 86% 68.0 F 00:10
06:06:00 End of shower 52% 68.0 F 00:12
06:34:00 Second peak 62% 67.0 F 00:28
10:56:00 Return to normal RH 44% 66.0 F 04:22
Total 05:12
TY S )
JENTACITY SYSTE, Chapter 5: What's In The Box?
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Metrics Of Performance

T‘]T heat recovery rate
PI\L power consumption
e

d B\L noise

\IENTAEI_T,IESTEMS Chapter 5: What's In The Box?
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Performance Metrics Are Inter-Related

heat exchanger core
dimension or heat
exchanger surface area

whole

device volume

/

heat recovery
rate mey

\ 4

device
noise

power consumption
of fan P

\|ENTAE‘TY SYSTEMS
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Conventional Measurement Of Efficiency Has A
Lot Of Issues

tFo tZu tAb tAu

exhaust supply extract intake
air air air air
A $ \l/
\ 4
M M __m
AH, -
127\
(—> AH \ &) additional heat flow
2\5 from installation roomum into intake air (AH,)
AV or into exhaust air (AH,)
AH2 - % <— - AH1 +
leakage hot air flows into intake/supply air:
external (from installation room ~ 20 °C (= 68 °F)) —» AH,
\—> Eé- < : internal (from extract air ~ 21 °C (~70 °F)) - AH,
A
|
/
7 AH,

\IE‘\‘TAU_TIESTEMS Chapter 5: What's In The Box?
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Unit With Thermal Bridging — Casing Leakage

\IE‘\‘TAU_TZESTEMS Chapter 5: What's In The Box?
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PHI vs North American Protocols For
Measurement Of Efficiency

Manufacturer Nes n
t t”lEthr P, Nsu
| Ext Exh m'CP L tSu = tln
tExt _tln tEXt B .qn
low heat
losses
in the Au 1 69.9 % 90 %
exhaust 2 59.2 % 95 %
air
‘ S 93.0 % 94 %
Test method according to Passive House Institute Dr. ﬂ
Ge | Wolfgang, Feist Darmstadt
PH certified device see www.passiv.de Test method as per:
HVI, AHRI, TUV

DIN V 18599-6:2007-02 and DIN EN 13141-7:2004(D)

GE | the included test report requires, Ns, is mostly used for

among others: brochure data
CH HTA Luzern

Prifreglement fur Energie-Etikette (ohne P /m - cp)
AT e. g. in Lower Austria for LA energy performance

certificate my s =my—12 %

\IE‘\‘TAD_TIESTEMS Chapter 5: What's In The Box?
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Significant Discrepancies Between Measured
Efficiencies

moderate units

Difference An =1 - Neg

|16| |17| |32| |13| E apparently, accor- diffze?'eo{:ce
100 ding to prospectus between
good units
90 - Average: n~92% [€—| "appearance"
80 - but there is only and
7 — |inferior quality
13 17 30 Average: neg~ 72 % & "realiy"

Units No. 17, 18 and 19 are not certified
60 as component suitable for Passive
Houses. The minimum effecience

Efficiency of heat recovery 1), neg
\l
o

50 unit No. required for certification is mes= 75 %!
H n-value
40 W 1 -value

150 160 170 180 190 200 210 220 230 240 250 m*h

Air flow rate [m®/h]

\IE‘\‘TAU_TIESTEMS Chapter 5: What's In The Box?
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Better Units Have Smaller Discrepancy, But Still
Need To Be Measured

Difference An = 1 - N very good units
[1] [1]
100 heat recovery
94 rate on the
€ 9 1 supply air side
= 90 - i
= 1 Average:
> 3N\EE Nerr n~91.2%
o o
- 80 8\ | only 3 %
o Gerate-Nr. heat recovery difference
= 70 rate on the between two
8 extract air side heat recovery
= rates
G Average:
> 60 Netr ~ 88,2 %
c
2
;g 50 types of devices are well
hT above the limit for passive house
suitability of neg=75 %
40 T T T T T T T T T
90 110 130 150 170 190 210 230 250 270 290 m 1-value
B 1) -value
Air flow rate [m3*/h]
JENTACITY SYSTE), o Chapter 5: What’s In The Box?
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ERV # HRV

CERTIFICATE e Vg Fo

Certified Passive House Component 64283 Darmstadt
Component-ID 1008vs03 valid until 31st Dacamber 2018 Germany

S %"MWJ

o=
* -
- 4
Category: Air handling unit with heat recovery
Manufacturer: Zehnder Group Nederland BV.
Netherlands
Product name:  ComfoAir Q600 ERV, Comfort Vent Q600
-
Specification:  Airflow rate < 600mh 70-480m%h
Hoatexchanger: Focuperaie
This certificate was awarded based on the product ne - 80%
meeting the following main criteria Specific electric power
Heat recovery rate ™R > 75% R - 0.22Whim?
Specific electric power  Pagee < 0.45Whm® <=
Leakage < 3%
n - 68%
Comiort Supply air emperature > 16.5°C

at outdoor air \emperature -10°C

cool, temperata climate

%At an aiflow of S0, a hoat recowary of na: = 91 % is reached.

#Dw tothe of -15 *C the air Sow
rato is duood 1o sbout 280 m¥h.
CERTIFIED
COMPONENT
Winw passivehouso.com

Passive House Institute
CERTIFICATE Dr Wagan P
Certified Passive House Component 64283 Darmstadt
Component-ID 097 5vs03 valid until 31st Dacember 2018 Germany

NET RECOVERY
EFFICIENCY

Air handling unit with heat recovery
Zehnder Group Nederland BV.
Netherlands

ComfoAir Q600 HRV, Comfort Vent Q600
HRV

POWER EFFICIENCY

Specification:  Airflow rate < 600m*h

Hoatexranger:  Pocuperaive
This certificate was awarded based on the product 70-480mh
meeting the following main criteria

Heat recovery rate ™A > 75% 3 L
Specific electric power  Pogme < 0.45Whm'
-l Z 3% Specific electric power

— s, e CROSS-FLOW
TRANSFER/

mw'% CONTAMINATIOIN

® At an airflow of 2237/, a hoat recowery of g = 91% is reached.
uDw tothe & at outdoor of -15 *C the air flow
rato is mduced o about 280 m¥h.

CERTIFIED

SOUND LEVEL

‘www.passivehouse.com



COP Of HVAC Options Tells The Story

Savings of Costs K .
primary energy spezifische Kosten
HVAC OPTION CcOoP Aq," k= K €
[kWh/m?a] [€] [$] Aq, |kWh/m?2a
(use-expense)
Exhaust 0 % (102 - 1.5)
™ | pc fan 0 85 4200 5600 494
HEX 60 % 7 (30-5)%
(2) DC fan (5 - 10) o5 7400 9900 296
20
HEX 90 % (10 = 27)" (384 — 39)) _ 240
) DC fan best 35 8400 11200 best alternative
alternative
HP exhaust air- heating:
(4) | supply air 3.0 e 9700 | ~12900 P
AC fan (2 - 3.8) uneconomical!
heating:
HEX 60 % + HP (65— 44) 510
(5) AC fan 2 Eg 4 217 10700 14300 uneconomical!
JAZH =26 LR o
e _ 13812 uneconomical!
(6 || gt e 6000 | ~8000
an K B (2.0—-2.6) (31-18) 461
o 13 theoretical

\|ENTAE‘TY SYSTEMS
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SUMMER

OUTSIDE |
AIR

95°

RETURN
AIR

9

Efficiency, Efficiency, Efficiency!

CoP20  WINTER 3% CoP 33

| EXHAUST

SUPPLY
AIR

i

AIR
93°

OUTSIDE
AIR

35?

RETURN
AIR

70°

EXHAUST
AIR

45°

SUPPLY
AIR

67°

CoP = Coefficient of Performance (AHRI 1060 Standard test @ 509, capacity)

\|ENTAE‘TY SYSTEMS

ALWAYS HEALTHY * ALWAYS EFFICIENT

NET EFFICIENCY
MATTERS!

« BUILDING LOAD
REDUCTION

e HIGH COMFORT
LEVEL

« NO NEED TO
REHEAT

« SIMPLER CONTROLS

« HIGH RETURN (COP)

Chapter 5: What's In The Box?



Heat Exchanger Core Efficiency — VS1000 RT

Heat Recovery Efficiency

95%
85%
80%
200 400 600 800 1000
—Heating Mode Cooling Mode
CFM

\IENTAE‘_TIESTEMS Chapter 5: What's In The Box?
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Efficiency Means Comfort

85% Recovery

65% Recovery

40°F
Outside Temp

Indoor
Set Point

Chapter 5: What's In The Box?



Efficiency Means Comfort

65% Recovery 85% Recovery

40°F
Outside Temp

Set Point

Fresh Air

5667 BTU/Hour  Contribution to 2,430 BTU/Hour
Heating Load

Assume 500 cfm
Chapter 5: What's In The Box?



With a
higher
efficiency,
the yearly
cost of
operation

IS nearly
half!

\IENTAC”Y S YSTEMS

% —
%*

ALWAYS HEALTHY * ALWAYS EFFICIENT v

Chapter 5: What’s In The Box?

Ventacity

Recovery Efficiency 85% 70% 72%
Tempering Energy

Incoming Air Temp 65.5°F 61.6°F

BTUs/Hour 2430 4,860 4,536
kBTUs/Year 21,286 42,573 39,735

Fan Efficiency

KWH/Year 1,507 3,364 2733

Operating Cost

Yearly Cost $998 $1,996 $1,865

Assuming 500 cfm & .25 inches water column OA 40F / 1A 70F; $.16/kw



British Efficiency Leads to Additional

Columbia Savings
D ay care Typical Competitor Ventacity Product
PrO] ect Heat Recover

Ventilator | RenewAire 1000 CFM Ventacity V51000 RT
100,000 BTUH gas fired

Re-Heat of | duct heater used. As Not needed, provides
Outdoor Air | configured will maintain supply air temperature at

55°F supply air design temeprature at 65°F.
temperature,

1. Qutdoor Insulation

Package .
Add-Ons
2. Intake/exhaust Dampers Allincluded as standard.

3. By-pass For Free-cooling

NTACITY S¥STE,, Significant reduction possible for costs of
NERTT TS installation of gas lines, duct heaters and controls.

ALWAYS HEALTHY * ALWAYS EFFICIENT v
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EFFICIENCY = SAVINGS MICHIGAN MIXED USE

BUILDING 26,409 SQ FT

STANDARD HVAC SYSTEM PROPOSED HVAC?

H&C WITH CONVENTIONAL SYSTEM FUJITSU/VENTACITY HVAC

OUTSIDE AIR DELIVERED = 2,772 CFM BALANCED VENTILATION

EXHAUST AIR REQUIREMENT = 400 CFM NOMINAL 85% SENSIBLE HEAT RECOVERY
OA HEATING LOAD = 203,657 BTUH OA HEATING LOAD = 31,369 BTUH

OA COOLING LOAD = 93,031 BTUH OA COOLING LOAD = 67,799 BTUH

 UTILIZING HIGH PERFORMANCE HRV RESULTS
IN SIGNIFICANT LOAD REDUCTION

« 173,032 BTUH HEATING LOAD REDUCTION
« EQUAL TO 18 NOMINAL HEAT PUMP TONS
« AT $1,800/TON EQUIPMENT COST RESULTS IN

savings oF  $32,400



PHI Certification Matters

4 Storey Apartment Building in Ottawa
Offers 42 Apartments (40m2 each) for men
and women with mental illness

Interior and Exterior Amenity areas

* 1 community worker office

hL

L

|
-y
ll v; E‘ 3 ‘

Requirements

2002.2 |m Afiied
14 KWh/(m'a)
11 Wim'
1 kWh/(m'a) 16 aWhvima yos
yos

4 Wim'

114.40  kWhim'a)
53 KWh(m®a)

0.3 1m

* Radical energy efficiency * Exemplary comfort ¢ Exceptional indoor air quality <+ A performance that lasts

Salus Clementine. . . Ottawa, Ontario, Canada

\IENTAD_TIBSTEMS Chapter 5: What's In The Box?
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PHI Certification Matters

Lesson #4: We need to use PH-Certified
Components!

Non-CSA Approved Certified PH ventilation system was not allowed
by local Code — this drove up heating demand in the building,
increased costs significantly and cost us delays. This has to change!

KWWhia KWhiim*a)

K'iVhia KWhiim*a)

Using PHI-Certified Ventilation unit (85¢ q, - Q. = 21625

PENALTY (6680 kWh/D

Transmission Losses, Exterior Walls = 12281

Using Canadian-made Ventilation unit (7 Q. - Qg

kWh/y

\IENTAC‘_TIESTE’VIS Chapter 5: What'’s In The Box?
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Chapter 6: Traditional Ventilation Methods

qENTAE‘_TIESTEMs Chapter 6: Traditional Ventilation Methods

ALWAYS HEALTHY - ALWAYS EFFicienT  Mary 2017 [ © Ventacity Systems, Inc.
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Traditional Ventilation Methods:
Outside Air Inlet to Roof Top Unit

RTU primarily for
H&AC
RTU

~~ - System designed
around H&AC loads

 Need full fan
operation for OA
distribution

> «  Often pressurizes the
- . —_ —ln building and leads to

l l l exfiltration

OA dampers often
closed to save energy

Conditioned
Zone

qENTAC‘_TIESTEMs Chapter 6: Traditional Ventilation Methods
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Traditional Ventilation Methods:
Exhaust Fans

 Usually RTUs coupled

with dedicated
RTU

Exhaust exhaust fans for
— Fan bathrooms, etc
l *  Meets exhaust
requirements but
energy wasted
= «  Usually not balanced
pr— — to OA airflows
l l l  If OA damper closed
to save energy,
promotes infiltration
Conditioned Bathroom
Zone Or other
Exhaust
Point
\IE\\\TAU_TIESTEMS Chapter 6: Traditional Ventilation Methods
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RTU

Traditional Ventilation Methods:
Relief Fan for Balance

e Addition of relief air
damper and fan can

Exhaust help properly balance
— Fan the system
! l * Reduces amount of
infiltration and
exfiltration potential
= «  Energy still wasted in
p— - — exhausting air
Conditioned Bathroom
Zone Or other
Exhaust
Point
\IE\\\TAU_TIESTEMS Chapter 6: Traditional Ventilation Methods

ALWAYS HEALTHY * ALWAYS EFFICIENT
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Traditional Ventilation Methods:

Include an ERV Wheel

RTU
\ Exhaust
Fan
>

Conditioned Bathroom

Zone Or other

Exhaust

Point
NENTAEHTY SYSTEp, o

ALWAYS HEALTHY * ALWAYS EFFICIENT

Mary 2017 | © Ventacity Systems, Inc.

ERV heat recovery
wheel sometimes
added to recover heat
from relief air to OA

Reduces amount of
heat wasted.

Still waste all heat
from the dedicated
exhaust fans

Can have significant
cross-flow leakage

Other challenges of
coupled systems
remain

Chapter 6: Traditional Ventilation Methods



Traditional Ventilation Methods
Multiple Zones

RTU .
snaust  ®  INternational
\ Fan
[
Conditioned Conditioned Conditioned Bathrc;]om
Zone 1 Zone 2 Zone 3 Or other
Exhaust
Point
qENTACl_TIESTEMs Chapter 6: Traditional Ventilation Methods
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Traditional Ventilation Methods
Multiple Zones (Alphabet Soup)

Multi-zone Systems  Single zone
Vbz = (Rp X Pz) + (Ra X Az) systems are
Voz = Vbz/Ez simple

Zpz = Voz/ Vpz
Use Max Zpz to find Ev
D = Ps/ 2all zones Pz

e  Multi-zone
systems are

Vou = DZ2all zones (Rp X Pz) + complicated
2 all zones (Ra X Az) and lead to
Vot = Vou / Ev compromise of
Slnqle Zone SvStemS TABLE 6.2.5.2 System Ventilati:n\Efﬁciency Ventllatlon
Vbz = (Rp X Pz) + (Ra x Az) e / f:)\.
Voz = Vbz/Ez <025 09
<0.35 0.8
Vot = Voz 045 07
<0.55 0.6
OA Intake Flow = Zone Airflow 2= Jsc ormative Appendix A
qENTAE‘_TIESTEMs Chapter 6: Traditional Ventilation Methods
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Traditional Ventilation Methods
Multiple Zones — Example Case

RTU

\ Exhaust
Fan

* Basic 3-zone
office
>
—— - OoCcupancy
| | | - 2 open offices
Conditioned Conditioned Conditioned Bathroom and conference
.Zone 1 Zone 2 Zone 3 Or other room
Office Office Conference Exhaust
2000 SF 2000 SF 300 SF Point
20 People 20 People 12 People
2000 CFM 1400 CFM 400 CEM
Primary Primary Primary
qENTAC‘_T:ESTEMs Chapter 6: Traditional Ventilation Methods

ALWAYS HEALTHY - ALWAYS EFFicienT  Mary 2017 [ © Ventacity Systems, Inc.



Traditional Ventilation Methods
Multiple Zones — Example Case

TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone (Continued)

(Table 6.2.2.1 shall be used in conjunction with the accompanying notes.) ° Ste p 1 : C onsu |t
People Outdoor Area Outdoor Default Values th e Tab I e S
Air Rate Air Rate Occupant Density Combined Outdoor
Rp R, (see Note 4) Air Rate (see Note 5)
Occupancy Category ;?:-ls/on ;::son cfm/f> L/sm® Notes :/rl:/ol(:uf)tzmz :?:on ::s:son 2:;“ o Oﬁ' ce
General
Break rooms 5 2.5 0.06 0.3 H 25 7 3.5 1 5 C F M / P e rSO n
Coffee stations /'5\ 2.5 /0'06\ 0.3 H 20 8 4 1 O . 06 C F M/S F
Conference/meeting (5 ) 25 ( o006 3 H 50 6 31 1
Corridors S _ oo 03 H — 1 ° Conference
Occupiable storage rooms for 5 25 0.12 0.6 B 2 65 325 2

uids or gels 5 CFM/Person
0.06 CFM/SF

Office Buildings
T T T + Default
fi)rcyc;ii;ﬂ:lztorage roomsfo/rS\ 2.5 /006\ 0.3 2 35 17.5 1 d e n S iti eS are
ffice spac . . . . :
S different
Telephone/data entry 5 2.5 0.06 0.3 H 60 6 3.0 1
qENTACl_TlESTEMs Chapter 6: Traditional Ventilation Methods :
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Traditional Ventilation Methods

Multiple Zones — Example Case
Office & Conference: 5 CFM/Person 0.06 CFM/SF
_ | « Step 2
Breathing Zone Outdoor Airflow (Vbz) Calculate the
Vbz = (Rp X Pz) + (Ra x Az)

Breathing Zone
Office 1: Outdoor

Vbz1 = (5 CFM/P x 20P) + (0.06 CFM/SF x 2000SF) Airf f

Vbz1 = 100 CEM + 120 CFM IFTIOWS tor
Vbz1 :|220 CFM each zone

Office 2: * Do people and
Vbz2 = (5 CFM/P x 20P) + (0.06 CFM/SF x 2000SF) area calcs as

Vbz2 = 100 CEM + 120 CFM

Vbzz =[220 CFM intermediate
step, will need
Conference Room: later

Vbzs = (5 CFM/P x 12P) + (0.06 CFM/SF x 300SF)
Vbzz =60 CEM + 18 CFM
Vbzz =|78 CFM

VENTACITY SYSTE), o Chapter 6: Traditional Ventilation Methods
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Traditional Ventilation Methods
Multiple Zones — Example Case

] TABLE 6.2.2.2 Zone Air Distribution Effectiveness
ZO ne O u td oor Al I'ﬂ ow (VOZ) Air Distribution Configuration E,
Ceiling supply of cool air 1.0 L4 Ste p 3

VOZ — VbZ/EZ Ceiling supply of warm air and floor return 1.0 Cal C u | ate th e

Ceiling supply of warm air 15°F (8°C) or more above 0.8
space temperature and ceiling return

In thls Case Celllng Supply Of Ceiling supply of warm air less than 15°F (8°C) above 1.0 Zone Outdoor

space temperature and ceiling return provided that the

150 fpm (0.8 m/s) supply air jet reaches to within 4.5 ft

Warm air and ceiling return (1.4 m) of flor level (See Note 6) Airflows for
EZ — O 8 Floor supply of cool air and ceiling return, provided that 1.0

the vertical throw is greater than 50 fpm (0.25 m/s) ata e aC h Z O n e

height of 4.5 ft (1.4 m) or more above the floor

. Floor supply of cool air and ceiling return, provided 1.2 H .
Oﬁl Ce 1 : low-velocity displacement ventilation achieves u SI n g AI r

unidirectional flow and thermal stratification, or

j— derfl ir distributi h hi ical - - -
Voz1 = 220 CFM /0.8 underlooair dsrbution sysiems whers he vetc Distribution

VOZl — 275 CFM height of 4.5 ft (1.4 m) above the floor
Floor supply of warm air and floor return 1.0 Eﬁe Ctive n eSS

Floor supply of warm air and ceiling return 0.7

By S I m I | ar p rocess : Makeup supply drawn in on the opposite side of the 0.8
room from the exhaust, return, or both. ® E Z C an b e

O-I'-fl C e 2 : Makeup supply drawn in near to the exhaust, return, or 0.5

both locations. d Iﬁe re nt fo r
V022 - 2 7 5 C F M Il“n(-"iil air” is air cooler than space temperature.
2. “Warm air” is air warmer than space temperature. e aC h Z O n e

3. “Ceiling supply™ includes any point above the breathing zone.

C f - . 4. “Floor supply” includes any point below the breathing zone.
O n e e n Ce M 5. Asanalternative to using the above values, £. may be regarded as equal to air-ch

2
effectiveness determined in accordance with ASHRAE Standard 129 '® for air

V — 9 8 C F M distribution configurations except unidirectional flow.
O Z 3 - 6. For lower velocity supply air, £.=0.8.

qENTACl_TZESTEMs Chapter 6: Traditional Ventilation Methods
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Traditional Ventilation Methods
Multiple Zones — Example Case

Primary Outdoor Airflow Fraction (Zpz)

e Step 3
£z = VorlVpz Calculate the
Vpz is primary airflow from RTU for heating and cooling. Primary
Office 1: Outdoor Airflow
Zon IS CEM 12000 CPM. | e 2 Vi 2ac0 G| Fraction for
Conference Vpz = 400 CFM each zone

By similar process: using Vpz
Oﬂ:lce 2 T:::f 2:52 System Ventilati:: Efficiency prlm ary all"ﬂ OW
Zpz2 =[0.20 j;’;: (‘)‘9’  Max Zpz used
Conference: 035 0% to determine
Zo =025 | €t | 28 " [E=09] | gytem

>0.55 Use Normative Appendix A Ve ntl I a tl on

Efficiency

VENTACITY SYSTE), o Chapter 6: Traditional Ventilation Methods
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Traditional Ventilation Methods
Multiple Zones — Example Case

RTU
Exhaust
—~ Fan
 Done all zone
P> by zone
T 1 - - - calculations
l l l * Next steps
Conditioned Conditioned Conditioned Bathroom system level
Zone 1 Zone 2 Zone 3 Or other .
Exhaust calculations
Voz1 = 275 Voz2 = 275 Voz3 = 98 Point
Vpz1 = 2000 Vpz2 = 1400 Vpz3 = 400
Zprpz1=0.14 Zpz2 = 0.20 Zpz3 =0.25
Voz - Zone Outdoor Airflow System Ventilation Efficiency
Vpz - Zone Primary Airflow (heating & AC) v =0.9
Zpz - Primary Zone Air Fraction
qENTAC‘_T:ESTEMs Chapter 6: Traditional Ventilation Methods
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Traditional Ventilation Methods
Multiple Zones — Example Case

Occupant Diversity (D)

e Step 4
D = Ps/ Zall zones Pz Calculate
Ps is the total amount of people in the area at one time occupant

Pz is the total possible in a given zone. diversity of the

In this case assume only people in conference room zones covered.
Would otherwise be in one of the offices,

« Total people at

Ps = 40 people :
one time
D=40P/(20+20+12)P versus the total
D=0.77 possible people
per zone.

\|ENTAE‘TY SYSTEMS
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Traditional Ventilation Methods
Multiple Zones — Example Case

Uncorrected Outdoor Air Intake (Vou)

e Step 5
Vou = D2all zones (Rp X Pz) + Zall zones (Ra X Az) Calculate
Apply the occupant diversity factor to the people rate Uncorrected
part of the Breathing Zone Outdoor Airflow equation Outdoor Air
Vou = 0.77(100 + 100 + 60) + (120 + 120 + 18) Intake
Vou = 458 CEM e Sum of aII. th.e
zone ventilation
taking
occupant
diversity into
account

VENTACITY SYSTE), o Chapter 6: Traditional Ventilation Methods

ALWAYS HEALTHY * ALWAYS EFFICIENT



Traditional Ventilation Methods
Multiple Zones — Example Case

Design Outdoor Air Intake (Vot)

o Step 6:
Vot = Vou / Ev adjust the
From Step 3, Ev = 0.9 uncorrected
outdoor air
Vot = 508 CFM system
ventilation
2Vbz =518 CFM ..
efficiency
Pretty close to breathing zone value and accounts for design outdoor
diversity so everything is good right? air intake

VENTACITY SYSTE), o Chapter 6: Traditional Ventilation Methods
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Traditional Ventilation Methods
Multiple Zones — Example Case

_ e 5
What does this mean to the individual zones" « One rooftop

RTU

—~ Only one mix of OA to primary air unit supplies all
The Primary Outdoor Air Fraction zones with a

fixed

Vp = 5 Vs percgntage of
outside air.

Vp = 2000 CFM + 1400 CFM + 400 CFM

Vp = 3800 CFM e How does this

Vot = 508 CFM percentage

Zp = 508 CFM / 3800 CFM meet the needs

of each zone
while in use?

Zp=0.134| 13.4%

VENTACITY SYSTE), o Chapter 6: Traditional Ventilation Methods
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Traditional Ventilation Methods
Multiple Zones — Example Case

_ e 5 _
What does this mean to the individual zones" . Potential Large

Zp=0.134 13.4% discrepancies

Air Supplied to Zone Design Airflow Zetv.vee]:
Office 1: 2000 CFM x 0.134 = 268 CFM | 275 CFM esign O_WS
. and provided
Office 2: 1400 CFM x 0.134 = 187 CFM | 275 CFM f :
OWS INn
Conference: 400 CFM x 0.134 =54 CFM | 98 CFM |- dividual
Zones
How good is the air in that conference room going to be
After a long meeting? *  Worst for
dense
Poor IAQ shown to diminish decision making skills. occupancies
This space would not serve the organization well with low loads

VENTACITY SYSTE), o Chapter 6: Traditional Ventilation Methods
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Chapter 7: DOAS
(Dedicated Outdoor Air Systems)
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Dedicated Outdoor Air Systems (DOAYS)
The High Performance Solution

DOAS « DOAS ventilation is

-«
decoupled from the

heating and cooling.

e Supply air is ducted

independently to the

l l l conditioned zone(s).

e Exhaust air is

ducted back to the
Conditioned Bathroom

Zone Or other DOAS H/ERV to
Exhaust

Point recovery energy

before exhausting.

NENTACITY SYSTE, o Chapter 7: DOAS
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Dedicated Outdoor Air Systems (DOAYS)
Post Conditioning Possibilities

DOAS * Post heat exchanger

conditioning coils

possible for

additional tempering
= to further heat, cool

. - i o and/or dehumidify
l l l OA airstream.

e Sometimes internal
Bathroom

Or other to DOAS unit or
Exhaust
Point

Conditioned
Zone

installed

downstream

separately.

NENTAEITY SYSTey, o Chapter 7: DOAS
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Dedicated Outdoor Air Systems (DOAYS)
Multiple Zones

DOAS

>
Conditioned Conditioned Conditioned Bathroom
Zone 1 Zone 2 Zone 3 Or other
Exhaust
Point

\|E\\\TACITY SYSTEMS
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DOAS works better
than traditional
approach for
multiple zone

systems

Supply air to zones,
exhaust from
bathrooms and
other exhaust

points.

Balance flows to
higher of the two

design flows

Chapter 7: DOAS



Dedicated Outdoor Air Systems (DOAYS)

DOAS

Multiple Zones — Example Case

<
P
Conditioned Conditioned Conditioned Bathroom
Zone 1 Zone 2 Zone 3 Or other
Vbz1i =220 CFM | Vbz2=220 CFM | Vbzs = 78 CFM Eg(‘)?:ft

\leNTACITY SYSTEMS
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Take same example
case as used for

traditional system
3 Zones

2 Offices

1 Conference Room

Chapter 7: DOAS



Dedicated Outdoor Air Systems (DOAYS)

Zone Qutdoor Airflow (Voz)

Multiple Zones — Example Case

TABLE 6.2.2.2 Zone Air Distribution Effectiveness

Voz = Vbz/Ez

In this case ceiling supply of
Warm air and ceiling return

Ez=1.0

Office 1:

Voz1 =220 CFM / 1.0

Voz1 =|220 CFM

By similar process:

Office 2:

both locations.

Air Distribution Configuration E,
Ceiling supply of cool air 1.0
Ceiling supply of warm air and floor return 1.0
Ceiling supply of warm air 15°F (8°C) or more above 0.8
space temperature and ceiling return

Ceiling supply of warm air less than 15°F (8°C) above 1.0
space temperature and ceiling return provided that the

150 fpm (0.8 m/s) supply air jet reaches to within 4.5 ft

(1.4 m) of floor level (See Note 6)

Floor supply of cool air and ceiling return, provided that 1.0
the vertical throw is greater than 50 fpm (0.25 m/s) ata
height of 4.5 ft (1.4 m) or more above the floor

Floor supply of cool air and ceiling return, provided 1.2
low-velocity displacement ventilation achieves
unidirectional flow and thermal stratification, or

underfloor air distribution systems where the vertical

throw is less than or equal to 50 fpm (0.25 m/s) at a

height of 4.5 ft (1.4 m) above the floor

Floor supply of warm air and floor return 1.0
Floor supply of warm air and ceiling return 0.7
Makeup supply drawn in on the opposite side of the 0.8
room from the exhaust, return, or both.

Makeup supply drawn in near to the exhaust, return, or 0.5

Vozz =[220 CFM
022 - 1. “Cool air™ is air cooler than space temperature.

Conference:

. “Warm air” is air warmer than space temperature.
. “Ceiling supply™ includes any point above the breathing zone.
. “Floor supply™ includes any point below the breathing zone.

[T Y

Vozz =|78 CFM

distribution configurations except unidirectional flow.
6. For lower velocity supply air, £.=0.8.

\|ENTAC‘TY SYSTEMS
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. Asanalternative to using the above values, £. may be regarded as equal to air-chang
effectiveness determined in accordance with ASHRAE Standard 129 '® for air

Without post heating
air will be slightly

cooler than ambient.

Without post cooling
air will be slightly
warmer than

ambient

With proper diffuser
selection can obtain
distribution

effectiveness of 1.

Chapter 7: DOAS



Dedicated Outdoor Air Systems (DOAYS)
Multiple Zones — Example Case

DOAS
«—
o
! | !
Conditioned Conditioned Conditioned Bathroom
Zone 1 Zone 2 Zone 3 Or other
Vbzi= 220 CEM | Vbz2=220 CEM | Vbzs = 78 CEM E’g(‘)?r‘ft
Vozi1 = 220 CFM Voz2 = 220 CFM Voz3 =78 CFM
Vot = 2all zones Voz
Vot = 518 CFM
Vot = 220 CFM + 220 CFM + 78 CFM

\|E\\\TACITY SYSTEMS
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For 100% OA
systems the outdoor
air intake flow is the
sum of the zone

outdoor airflows

Each zone actually
can be balanced to
receive the design

airflow.

Controls can reduce
flows to account for

diversity if desired

Chapter 7: DOAS



Dedicated Outdoor Air Systems (DOAYS)
Multiple Zones — Connecting to Air Handlers

DOAS

1 ] Air T
* Handler ’ L B
Bbb Corridor E
—

» | Air
* Handler > Bll: )
BDD _ 2
Corridor S
S
| Air -
* Handler . L o)
BDD Corridor =
Y
VENTACITY SYSTEp, o
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For simple zones it
Is possible to
connect supply to

zone air handlers.

Include back-draft
damper so air flows
out the supply

network.

Preferably keep
exhaust

independent.
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DOAS Control Strategies

Multiple strategies

Main ApprOaCheS: for controlling a
. DOAS from simple
* CAV - Constant Air Volume ' sophisticated

e DCV — Demand Control Ventilation ~ “ePending upon
goals and budget.

VAV — Variable Air Volume - Some brands have
] flexible and elegent
° ECOnomlzer internal controls

while others require
a BMS system to do
anything beyond

basic control

\IENTAE‘_TIESTE’V/S Chapter 7: DOAS
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DOAS Control Strategies:
CAV — Constant Air Volume

DOAS

«— Supply 520 CFM e During occupied
Exhaust 520 CFM hours DOAS runs at

a constant single
> rate to meet the
— design airflows
l l l e During unoccupied
Conditioned Conditioned Conditioned Bathroom o
Zone 1 Zone 2 Zone 3 Or other hours DOAS is in
220 CFM 220 CFM 80 CFM Exhaust stand-by mode
Point
520 CEM | ° Schedule can be
overridden for
special events
NENTACITY SYSTEp, o Chapter 7: DOAS
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DOAS Control Strategies:
DCV — Demand Control Ventilation

4« Supply 520 CFM (variable) Demand control
Exhaust 520 CFM (variable) ventilation allows
system to ramp
> down during periods
— of lower occupancy
l l l e Both supply and
Conditioned Conditioned Conditioned Bathroom -
Zone 1 Zone 2 Zone 3 Or other exhaust side
220 CEM max 220 CEM max 80 CEM max E)S:Dai-rl]-ltSt fluctuate in parallel
500 CEM | ° Lowest setting
max based on area rate
or exhaust

requirement.

NENTACITY SYSTE, o Chapter 7: DOAS
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DOAS Control Strategies:
VAV — Variable Air Volume

DOAS
«— Supply 520 CFM (variable) « Variable Air Volume is
Exhaust 520 CFM (variable) a zone by zone
demand control
> ventilation system
= A = S -
. - i . -  Each zone flow
l l l controlled by COz2,
Conditioned Conditioned Conditioned Bathroom
Zone 1 Zone 2 Zone 3 Or other Occupancy, or other
220 CFM 220 CFM 80 CFM Exhaust sensor
(variable) (variable) (variable) Point o
520 CEM e Minimum flow to
(variable) meet area flow rates
e DOAS run in constant
pressure mode
NENTAEITY SYSTey, o Chapter 7: DOAS
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DOAS

DOAS Control Strategies:

Economizer

4« Supply 520 + CFM (variable)

Exhaust 520 + CFM (variable)

>
Conditioned Conditioned Conditioned Bathroom
Zone 1l Zone 2 Or other
220 + CFM 220 + CFM 80 + CFM Exhaust
(variable) (variable) (variable) Point
520 + CFM
(variable)

\|E\\\TACITY SYSTEMS
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A DOAS with an
Economizer feature
can bypass the heat
exchanger and ramp
up flow to take
advantage of “free

cooling” conditions.

Smart systems can
modulate bypass to
control supply

temperature.

Chapter 7: DOAS



Chapter 8:Duct Design Optimization
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Ductwork Design: Duct sizing

e Overall duct sizing
DUCTULATOR®

SIUNITS . done by friction loss

for that airflow.

e Good rule of thumb

3 less than 0.08 in W.
T S Y. TR T C. of friction losses
Ductsizer  Size By Airflow <
. = per 100 ft of ductwork
xact Rounded 8
Duct Height (in):| 17.8 | 18.0 | @
Duct Width (n):| 356|360 (i
Friction (inwgr100ft):|  0.2500 || 0.2349 | o ¢ DUCtUIatorS (paper or
Velocity (fpm):| 25000 || 24385~ w-—-y . .
User Inputs electronic) will have
Airflow (CFM): .
O PR round and equivalent
CEEERREET | 2500 eemn | | Dar 1007 duct rectangular.
00 | e0024 120048
Awecifale;] 210 * Round most efficient.
qENTAC‘_TIESTEMs Chapter 8: Duct Design Optimization
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Ductwork Design: Duct sizing

* Round ductwork is
most efficient for

airflow.

* Rectangular duct can

sometimes fit in

shallower height.

* Avoid aspect ratios of
greater than 5:1 for

most efficient flow.

qENTACl_TIESTEMs Chapter 8: Duct Design Optimization
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Ductwork Design: Fittings

Example: 12"x12” duct with 800 CFM

T —
&
& A4- [T 3 \
O ‘x\ \
- /\\ \
~ i \
Fo T\ \
C_ C .
© p
h W x H
le facto A
/\
\/
= 2
_—
A0
W x H
= -
—_—
AO
W x H
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Radius Elbow r = 1.5W « Selection of fittings
Co=0.17 AP=0.01inWG

can make a big
Approx equal to 13’ of ductwork

difference in system

pressure drop.

Mitered Elbow | « ASHRAE Ductwork
Co=1.18 AP =0.05in WG

Approx equal to 63’ of ductwork Database and related

App are good tools

for selection and

Mitered Elbow with vanes (1-1/2")  comparison
Co=0.11 AP =0.00in WG

Approx equal to <6’ of ductwork

Note: wider spacing and/ double

Thickness vanes increase AP

Chapter 8: Duct Design Optimization



Ductwork Design: Fittings

Example: 12” @ duct with 600 CFM
and 200 CFM take-off
12" x 10" x 8” Fitting
» Selection of fittings
90° Straight Tee
Branch AP =0.04 in WG
Approx equal to 50’ of ductwork

can make a big

difference in system

pressure drop.

90° Straight Tee w/ 45° Entry * ASHRAE Ductwork
Branch AP = 0.02 in WG Database and related
Approx equal to 25’ of ductwork App are good tools

for selection and

N 45° Conical Wye comparison
L 7= L - Branch AP = 0.01 in WG
Sae % Approx equal to 13’ of ductwork

qENTAE‘_TIESTEMS Chapter 8: Duct Design Optimization
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Ductwork Design: Air Sealing

Proper air sealing of
ductwork is critical for
efficient delivery of air

to designed locations.

Leakage causes fans
to run harder to meet

design airflows.

Duct blaster testing
important for

confirmation.

A duct is just a pipe
for air. Plumbers can
make their pipes
100% airtight!

qENTACl_TIESTEMs Chapter 8: Duct Design Optimization
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Ductwork Design: Fire and Smoke Dampers

\leNTACITY SYSTEMS
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Stops fire and smoke
from moving through

the ductwork.

Required when ducts
penetrate a fire rated
assembly (with some

exceptions).

Coordinate with
architects about what
assemblies are fire

and/or smoke rated.

Access panel
required for

maintenance.

Chapter 8: Duct Design Optimization



Ductwork Design: Acoustics and Vibration

e Itis good design to connect
ductwork to equiprnent with
a flexible connector to
isolate vibration from
ductwork. Vibration
isolating mounts may also

be needed.

¢ Sound attenuation may be
useful for critical
environments (schools,

auditoriums, sound studios)

e Quiet equipment important

for high performance

buildings

qENTACl_TIESTEMs Chapter 8: Duct Design Optimization
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Ductwork Design: Challenges
et Il s I ] g il | Connect through roof with
E i =i ey p o - shortest duct/cuiiz possible.
Avoid bends.

Reduce or eliminate

insulated ducts.

Minimize leaks.

qENTAEl_TIESTEMs Chapter 8: Duct Design Optimization
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Ductwork Design: Challenges

e Connect through roof with

shortest duct/cuiiz possible.
* Avoid bends.

« Reduce or eliminate

insulated ducts.

e Minimize leaks.

qENTAE‘_TIESTEMs Chapter 8: Duct Design Optimization
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Ductwork Design: Challenges

¢ Connect through roof with

shortest duct/cuiiz possible.
* Avoid bends.

« Reduce or eliminate

insulated ducts.

e Minimize leaks.

qENTAE‘_TIgSTEMs Chapter 8: Duct Design Optimization
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Chapter 9: RTU Replacement Program
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Retrofitting Existing Commercial Buildings to
Achieve Significant Energy Savings & Better IAQ

RETROFIT PROCESS

Energy Saved by
Heat Recovery

Exhaust Air
Wastes Energy

N AN m«v/\. / N

‘Ventilation
‘ng;:;%x g: 's AirL " Hlel:ﬁ'pe:dé:; g:: N v
Heating & Cooling Wast ;‘“k"s Energy g g

Existing Building Proposed Retrofit Building

qENTAE‘_T:ESTEMs Chapter 9: RTU Replacement Program
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. r 7 - IEggE
Exhaust Alr i y Td i Energy Saved by

Wastes Energy Heat Recovery

Existing Building Proposed Retrofit Building

 Very Low Energy Savings e Significant Energy Savings
(5% Typical) (Proven 40-60+ %)

e« Same High Cost e 50% + Reduction In
Maintenance Maintenance Costs

e 15 Year Life Span o 25-30 Year Life Span

« Same H/C Loads, » Significant Reduction in
Resulting in 1:1 H/C Loads, Reduced
Replacement Equipment Sizing

« Same Noise Level  Improved Comfort

& Quiet
e Same poor IAQ  Great IAQ & Health
qENTAC‘_TIESTEMs Chapter 9: RTU Replacement Program
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Retrofitting Existing Commercial Buildings to
Achieve Significant Energy Savings & Better IAQ

AGING INSTALLATIONS

« Many aging gas packs
Possible curb reuse

=]
—3

- gt

qENTAC‘_TIESTEMs Chapter 9: RTU Replacement Program
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Offices Applicatio ee Offices Case Study

LAW FIRM REDUCES HVAC EUI BY
e 71%

Building Facts
Building Construction Year Circa 1509
Occupancy Type Office

' d Number of Steries 2

Conditioned Area 12,000 sqft

Cwmership Private

Practicing Financial and Environmental
Stewardship While Practicing Law

Ventacity regards an early adopter as a flagship customer: a law
practice working above retail spaces in a 1909 historic warehouse.
In completing a gut remodel, the owners eagerly removed nine
aging RTU's and replaced them with just four Ventacity V51000 RT's
and one VRF system. By upgrading lights, windows, and air-

tightness, the office’s overall EUl is expected to drop from 614 to

28 kBtu/ft3/year. HYAC EUI, in particular, is expected to drop 71%, -
a large impact compared with incremental HVAC improvements.

Taking the holistic energy conservation approach also enabled

the law firm to receive some ratepayer-funded rebates on non- fhdadassi
Indoor Air Quality Affects Productivity & Cognition Building Retrofit Ventacity items. Ventacity staff was present on record 100°F
The connection between indoor air quality and its impact on o summer days, yet the incoming, pre-cooled air from the ‘“ -
] W 1 Irqualr s 1
. . q Y : P Separate Ventilation recovery core was an ideal 78°F. 0
crisis response, strategy and information usage in office workers from Heating and Cooling I s .
is indisputable. Improving office ventilation with units from HVAC Facts Pust-Conversion Temperat o and Performance
-Conversion ratur n
Ventacity Systems: Install New VRF or DMS System PRE CONVERSION POST CONVERSION Data: Modeled vs. Actual
« Reduces CO, levels and high concentrations of VOCs, . Fuel Source H: Natural Gas; H: VRF Heat Pump; (T w
Remove Aging RTUs AC: Electricity AC: VRF Heat Pump

thereby improving IAQ and resulting in higher worker

cognition and productivit HVAC System {9) RTU {4) V51000 RT; Mitsubi- " an
J 7 Y Install New VS1000 RT HRV s PURVPISZTSLILA " £
" Improves cormiort CFM 1,000 ' 4,000 (H & AC : 4,000 i J T3
o . est. 14 es1.4,000 } max 4 v '3
« Decreases energy usage, lowering operating costs Bw/dmg Is now Hea/thy and Effi- Tons 36 16 = 4 w 3
. T o ien |

« Provides sentient, intelligent and secure ventilation crent “| was surprised by how much our energy bill ks

management with the Smart Building Gateway dropped”—Building Owner
W
JUB /P Cw
AS-OFFICELAW-Jan2017 (S-0FFICELAN-Lao0 7

CITYSY 2828 SW Corbett Ave, Portland, OR 97201 CITY SY
N ENTA e Ems 1-(888)-VENTIL8 N ENTA N S TEMS

ALWAYS HEALTHY * ALWAYS EFFICIENT m ventacw‘ty.com ALWAYS HEALTHY » ALWAYS EFFICIENT

qENTACl_TIESTEMs Chapter 9: RTU Replacement Program
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IMPRESSIVE RESULTS AL RESULTS

u FANS (Elec) wHEAT (Gas) = COOL (Elec) ® FANS (Elec) wHEAT (Elec) w=COOL (Elec)
10 80 ~ 10 80
g 8 60 é g 8 /‘\ 60 g.
= 6 o 3 6 @
@ - & 40 =
= 4 e =4 H
= 208 > 20
0 Illll 0 5 o l..----.--. 0 8
)] FMAM]) )] ASOND J FMAM])] J] ASOND
ANNUAL EUI ANNUAL EUI ANNUAL SAVINGS
Total: 57.4 kBtu/fv? Total: 19.7 kBtu/ft? 37.8 kBtu/fv?
Fans: 9.5 kBtu/ft? Fans: 1.0 kBtu/ft? 8.5 kBtu/ft?
Heating: 37.6 kBtu/ft? Heating: 9.2 kBtu/ft? 28.4 kBtu/ft?
Cooling: 3.6 kBtu/ft? Cooling: 2.8 kBtu/ft? 0.8 kBtu/ft?
HVAC: 50.7 kBtu/ft? HVAC: 13.0 kBtu/ft? 37.8 kBtu/ft?
Electricity: 19.8 kBtu/ft? Electricity: 19.7 kBtu/ft? 0.1 kBtu/ft?
Gas: 37.6 kBtu/ft? Gas: 0.0 kBtu/ft? 37.6 kBtu/ft?

Mary 2017 | © Ventacity Systems, Inc.




Offices Application Sheet
Offices Case Study

GOVERNMENT OFFICE CLEANS
AIR AND LOWERS BILL

Building Facts

Building Construction Year 1940 ' 9

Occupancy Type Office ~ -['V‘ -

1 L (N
Conditioned Area 13,200 sq/ft [ ¥ 7l
Ownership Government Owned and Occupied ¢ v o

Partial Retrofit Still Reduces HVAC EUI By 22%

This Government Agency owns hundreds of buildings in the state
of Oregon. With our help, they have modified 22% of one building
as a test, working toward goals for a lessened energy footprint and

carbon emissions. In short, 16 tons of heating/cooling capacity

was replaced with 9 tons. This was done through a multi-zone

ducted mini-split system, and the heat transferring powers of one HVAC Energy Use Intensity
VS1000 RT. Employees in the upgraded part of the offices report 50

O F F I C E S their workplace seems more comfortable and productive, while “

employees in the unaltered portion of the office report envy of

their colleagues. Many visit the “fresh air" part of the building % o - j 22% lower
Indoor Air Quality Affects Productivity & Cognition Building Retrofit regularly. Three months of post-conversion summertime energy g »
monitoring are following model projections closely, with the HVAC
The connection between indoor air quality and its impact on Separate Ventilation EUI at a 22% reduction 0
crisis response, strategy and information usage in office workers : : 0
s indi . ation with uni from Heating and Cooling HVAC Facts PreConversion  Post-Conversion
is indisputable. Improving office ventilation with units from
. PRE CONVERSION POST CONVERSION
Ventacity Systems: . "
Install New VRF or DMS System Fuel Source e Natoral Gas 1 DMS, Ducted Fan Coll Interior 02 Concentration, Temp Outdoor Pre
+ Reduces CO, levels and high concentrations of VOCs, ) AC: Electricity AC: DMS, Ducted Fan Coils and Post-Conversion
thereby improving IAQ and resulting in higher worker Remove Aging RTUs HVAC System (2) RTUS (1)VS1000 RT; Mitsubishi % 000 —Office6  —Office3  —Reception [,
b i MXZ-8C48NAHZ; (2) MVZ- & 4
cognition and proguctnty Install New VS1000 RT HRY A24AAGAIS ¢ s
« Improves comfort CFM 6,400 3,600 B 00 i |? »
s [ €@ o
T 3 Tons 16 9 5 =00 L b 5
« Decreases energy usage, lowering operating costs Buildi ng s now Heal thy and £ff E wm““ M ) §
. 400 S
) o . cient o » 2
« Provides sentient, intelligent and secure ventilation g ¢ °
v
management with the Smart Building Gateway ffarch  April May  June July  August

AS-OFFICELAW-Jan2017 (S-OFFICEGOVT-Fan2017

1-(888)-VENTIL8 1-{888)-VENTIL8

N ENT ACITY SYSTE Mg 2828 SW Corbett Ave, Portland, OR 97201 J eNT ACLT:. 5_ YSTE Ms 2828 SW Corbett Ave, Portland, OR 97201

e
— g —

ALWAYS HEALTHY + ALWAYS EFFICIENT ventacity.com ALWAYS HEALTHY > ALWAYS EFFICIENT ventacity.com

qENTACl_TIESTEMs Chapter 9: RTU Replacement Program
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Othces Case Study

ELECTRIC COOPERATIVE REDUCES
3 < HIGH CO2

Building Facts
Buddng Corstrucion Year 1938
- Oacupency Type Offce
Numie! I
K Condmored Ares 5481 sqft
Dwrership Cooperative
: Rural Cooperative Invests in Comfort and Health
M.\l‘y progressve energy efficiency irdtiatives in the United States
are conducted by member-ownead utiities, often called "demand-
- side management” peograms. This rural cooperative was formed
. ta bring electricity ta 117 farmersin 1938 Itis now the second-
largest wtility provider in the state, serving 48,000 custamers. In
September 2016, a district office rermaved 2 swamp coolers” and
a paor-performing 7.5 tan RTU 1o install the \entacity HRY and
O F F I C E S upgrade to a 4-ton ductiess baat pump with 7 wall units for both
heating and caolng Early monitering results shown below shaw a
naticeable“step down”in CO2 concentratiors mnedately. During z .
R . . . - the frst two weeks, CO2 was almost always between 400ppm and : o A e
Indoor Air Quality Affects Productivity & Cognition Building Retrofit 600ppr, with orte peak of 810pprn. Pre-camersian, there were -
The connection between indoor air quality and its impact on Separate Ventilation e el e wet J%’W’ N Momc‘r e . .
crisis response, strategy and information usage in office workers fom Hean‘ng and Coo//'ng :D:mg:' ina gaage (not \:ﬂ.\\‘-li is temperatures typicaly about . . R
is indisputable. Improving office ventilation with units from 70F instead of between BO to B5F, relative to the same outdoor
Ventacity Systems: Install New VRF or DMS System highs (02 Concentraticn Pre and Past-Conversion
« Reduces CO, levels and high concentrations of VOCs, HVAC Facts 1o
thereby improving IAQ and resulting in higher worker Remove Aging RTUs PRE CONVERSION POST CONVERSION :
cognition and productivity Install New VS1000 RT HRV Fuel Source r:lk Hi'n”;, .:A n«la’.‘,:::‘"rl odér : -
« Improves comfort o MVAC System g
« Decreases energy usage, lowering operating costs Buil dmg Is now H ea/thy and Effi- £ .
- Provides sentient, intelligent and secure ventilation cient B
management with the Smart Building Gateway w
M e 3000 o5t 1600 (M5 ALY o T —
Tors 75 a

AS-OFFICE:LAW-Jan2017

CITYSY 2828 SW Corbett Ave, Portland, OR 97201 ITY
vENTA —— *TEms 1-(888)-VENTILS JENTACITY SYSTEY, o

ALWAYS HEALTHY * ALWAYS EFFICIENT n ventacity.com ALWAYS HEALTHY + ALV EFFICERT -

qENTACl_TIESTEMs Chapter 9: RTU Replacement Program
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Public Spaces Application Sheet

Public Spaces Case Study

AIRPORT IMPROVES AIR QUALITY
AND REDUCES ENERGY

Installation Facts

Building Construction Year 1930

Occupancy Type Airport

Number of Stories 2

Conditioned Area 26,000 sqft.
Ownership County Government

Airport Reduces HVAC EUI By 81%

This historic airport handles 200,000 flights per year for helicopters,
small commercial airlines, private and chartered jets, flight tests,

as well as celebrities and dignitaries needing immediate access

to the city. With the help of a local energy consultant, the airport

is acquiring three VS1000 RT units to reduce its EUI by 86% in
the modified area to around 30 kBtu/ft%/year. One could say its
current EUl is as large and unwieldy as early commercial aircraft,
P U B L I C S PAC E S and is now being transformed by 21st century HRV technology. 200
A number of the airport’s 5,209 employees will soon benefit from .
improved ventilation, in addition to lowered utility bill costs for an 3
urban county government. g
Commercial Spaces Require Enhanced Ventilation Building Retrofit
HVAC Facts
Airports and retail locations are close to various forms of exhaust Separate Ventilation PRE CONVERSION POST CONVERSION
and pollutants. In combination with large crowds that produce from Heating and Cooling Fuel Source H: Natural Gas, H: VRF Heat Pump; Pre-Conwersion Post-Conversion
vast amounts of CO,, improving ventilation in public spaces is AC: Electricity AC:VRF Heat Pump
essential. Enhancing ventilation with units from Ventacity Systems: Install New VRF System HVAC system g;m:s—mne Air ‘(/3“1;1_:1193?%5;;35)&?‘;?«;;5) Pre-Conversion Energy Use Per Day
« Reduces energy usage, lowering operating costs and . CEM est. 4200 TBD 200 /Dy VDay ‘ 100
the carbon footprint Remove Ag ing RTUs Tons. est. 105 TBD T ; Bl
200 {
. B - |
« Provides sentient, intelligent and secure ventilation Install New VS1000 RT HRV A | /\ 1000 l
management with the Smart Building Gateway Ew Y \ / \- 00 &
- Improves indoor air quality and occupant comfort Building is now Healthy and Effi- § e '¢ I ) E
cient o \// \ 0o
1m0 |—} L ! 1
1800 J -0
1500 | | 00
2012 2013 2014

AS-PUBLICAIRPORT-Jan2017 CS-PUBLICNRPORT-Fand017

ITYSY 2828 SW Corbett Ave, Portland, OR 97201 ITY S ortland, OR 9
N eNT AC I 2 TEMS 1-(888)-VENTIL8 N eNT Ac—o:._y g TEMS 1 “

—fe—

ALWAYS HEALTHY * ALWAYS EFFICIENT m vemadty.com ALWAYS HEALTHY * ALWAYS EFFICIENT w
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KING COUNTY BOEING FIELD AIRPORT

Removing large rooftop air handlers

Mary 2017 | © Ventacity Systems, Inc.

Mary 2017 | © Ventacity Systems, Inc.

168

(@Y]
—

26,500 Ft?
19 main + 21 upper zones
HVAC BEFORE:

* 3 “Enormous” Rooftop
Air Handlers: Gas
Heat, Electric Cool &
Constant Fan

HVAC AFTER:
e 3VS1000 RTs
e 4 Mitsubishi PURY

VRF Heat Pumps
(=34T)

QE‘\\TAClTY SYSTEMS

—eg—
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Better o [#in] roome

Buildings .

Partnerships  MeetPartners RFCLATE Events&Webinas Newsoom  Semmit  SWAP  About

Home ) Salusiors ) Soacews P

»')r.

WMZwCoumNm«
e ACTUAL ENERGY
- BILLS

MODELED <
MEASURED

Annual Energy Use Annual Energy Cost

S EVEN WITH
oS APPLICATION

al erd lighting systems throughaut the bacilty with

VENﬂ\ClTY SYSTEMS
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ANNUAL ENERGY END-USE BREAKDOWN
W LIGHTING & PLUGS WFANS BHEATING (GAS) @HEATING (ELEC) @ COOLING Figure 0.1

12,000,000 160 Comparison of annual energy

consumption.

10,000,000 140
8,000,000 120
100
6,000,000 %0
4,000,000 V222 6o
40 _
20 . 71,000 Sq Ft Office

EXISTING BUILDING CODE MINIMUM  DOAS ERV + VRF B u I | d I n g
MODEL RETROFIT MODEL RETROFIT MODEL

Energy (kBtu)
EUI (kBtu/sqft)

MONTHLY ENERGY END-USE BREAKDOWN:
EXISTING BUILDING MODEL (TMY) Figure 2.1

BLIGHTING & PLUGS HFANS BHEATING (GAS) BCOOLING Monthly energy end-use

1,600,000 breakdown for the O 4 RTUS EX | Stl n g

1,400,000 Existing Building Model
1,200,000 (TMY).

!I!!!III!!II ' e 4x 3,000 CFM ERVs

MONTHLY ENERGY END-USE BREAKDOWN:
CODE MINIMUM RETROFIT MODEL (TMY) Figure 2.2

MLGHTING & PLUGS WFANS WHEATING (GAS) MCOOLING Monthly energy end-use
1,600,000 breakdown for the Code

1,400,000 Minimum Model (TMY). ° V R F Sy ) t em

Total Energy (kBtu)
Total Energy EUI (kBtu/sqft)

1,200,000
1,000,000

800,000

JAN FE2 MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Total Energy (kBtu)
Total Energy EUI (kBtu/sqft)

MONTHLY ENERGY END-USE BREAKDOWN:

DOAS ERV + VRF RETROFIT MODEL (TMY) Figure 2.3
SLIGHTING & PLUCS =FANS @HEATING (ELEC) = COOLING Monthly energy end-use
1,600,000 =l breakdown for the DOAS
5 1400000 K@ CRV + VRF Model (TMY).
& 1,200,000 g
> 1 -
o : TAC ST
7 - 3
& 600,000 7 &
g 400,000 4 77 ez é g q S
- AEEENRRNNNNN - ; s
o
- - e
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Chapter 10: Applications
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Application: Multifamily Residential
Traditional Design

Exhaust Air Locations
Bathrooms

Kitchen

Supply Air Locations

Corridors

In theory, pressurized corridor
forces make-up air into

apartments around entry door

\IENTAD_TIESTEMS Chapter 10: Applications
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Application: Multifamily Residential

Traditional Design

CORRIDO

)|
(V)

ol W 0
i
|
=

\leNTACITY SYSTEMS

ALWAYS HEALTHY * ALWAYS EFFICIENT

| (o r e g

Mary 2017 | © Ventacity Systems, Inc.

Exhaust Air Locations
« Bathrooms

« Kitchen

Supply Air Locations

e Corridors

What is the ACH In
the Bedrooms?

Chapter 10: Applications



Application: Multifamily Residential
Optimized Design

CORRIDC Exhaust Air Locaticns
P OuG

Bathrooms
Kitchen
Laundry

Moisture/Odor Laden
Areas

Supply Air Locations
Bedrooms
Offices
Living/Family Rooms*
Remote Rooms

hast Y|

1
[

N/

* Depending upon layout

qENTAE‘_TIESTEMS Chapter 10: Applications
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Application: Multifamily Residential
System Options: Example Apartment

Given Conditions:
800 SF TFA (~80 SM)
2 Bedrooms
Living Room
1 Bathroom
7'x8’ Kitchen (56 SF)

’
o
3
g

Standard Supply Exhaust
PHI 32 CFM 59 CFM
62.2-2013 47 CFM 57 CFM

\IE‘\‘TAU_T:ESTEMS Chapter 10: Applications
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Multi-Family Options

Individual Apartment Units

Pros
» Better Compartmentalization
 Minimize Stack Effect
— -« —— * [ndividual Control
‘  Easy Boost Capacity
e Good for Condominiums

v
4

g
«

vi

— <+
- —> e+ Minimize Duct Runs
- < - - . .
— <  Minimize energy usage

 Energy paid by occupant

—> <«

<= —>
Cons

o Multiple Wall Penetrations
* Dispersed Maintenance

GENTACITY SYSTg), « May be more expensive

ALWAYS HEALTHY - ALWAYS EFFICIENT Ch apter 10: Ap p I I CatlonS



Multi-Family Options

Central Ventilation Units

<= —| Pros

« Central Maintenance
 May be less expensive
— — * Minimize Penetrations

A v Cons

* Central Ductwork & Fire Dampers
- — <~ | < Fighting Stack Effect

* Loss of Floor Space for Shafts
 More Complex to Boost

« Harder to Balance

» Higher energy usage

* Energy paid by building owner

QENTA‘:"TY SYSTEMS L
ALWAYS HEAJY’T.AKAYS EFFICIENT Chapter 10: App”C&tiOﬂS



Multi-Family Options

Semi-central Ventilation Units
Vertical Configuration

Pros

v « Consolidated Maintenance
 May be less expensive

e Minimize Penetrations
 Reduce Ductwork

v T A Y  Reduce Energy Usage

= - —> - -—>| Cons

e Central Ductwork & Fire Dampers
* Fighting Stack Effect

* Loss of Floor Space for Shafts

« More Complex to Boost

« Harder to Balance

 Energy paid by building owner

\IENTAE‘TY SYSTEMS L
ALWAYS HEAEY’T:AL_VVAYS EFFICIENT Chapter 10: App”C&tiOﬂS




Multi-Family Options

Semi-central Ventilation Units
Horizontal Configuration

Pros

« Consolidated Maintenance
 Minimize Stack Effect

* Eliminate Shafts

 May be less expensive
 Minimize Penetrations
 Reduce Energy Usage

* Possibly Eliminate Fire Dampers

Cons

e Central Ductwork

« More Complex to Boost

« Harder to Balance

« Energy paid by building owner

QENTA‘:"TY SYSTEMS o
ALWAYS HEAJY’T.AKAYS EFFICIENT Chapter 10: App”C&tiOﬂS



Application: Multifamily Residential
System Options: Example Apartment

Standard Supply Exhaust

PHI 32 CFM 59 CFM

62.2-2013 47 CFM 57 CFM

Individual unit per apartment = Controllability More Air = More Energy
High speed (boost mode) operation: 59 CFM Higher thermal load to
Normal Speed operation (77% max): 45 CFM heat it

Low speed operation (0.3 ACH): 32 CFM _ _

Absent mode operation: 20 CFM Higher electrical

usage to deliver it

Need to also consider

Simple Central System = One Speed occupancy

Full Time operation: 59 CFM demographic for best
Advanced Central System = Normal and Boost Operation control strategy
Boost operation: 59 CFM

Normal Operation 45 CFM

\IE‘\‘TAE‘_TIESTE’VIS Chapter 10: Applications
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Application: Multifamily Residential
Non-Dwelling Ancillary Spaces

Other Possible Occupancies
Corridors
Trash Rooms
Janitor’s Closets
Gathering Rooms
Bathrooms
Storage Areas
Laundry
Gym
Rental Office

Follow ASHRAE 62.1 for
these spaces

\|E\\\TAEITY SYSTEMS

ALWAYS HEALTHY - ALWAYS EFFICIENT Mary 2017 | © Ventacity Systems, Inc.
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Application: Multifamily Residential
Non-Dwelling Ancillary Spaces

Corridors:
0.06 CFM / SF

Trash Rooms:
1.00 CFM / SF Exhaust

Janitor’s Closets:
1.00 CFM / SF Exhaust

A good strategy to supply into the corridors and
exhaust from the trash rooms & janitors closets.

» Dedicated HRYV for this purpose at continuous rate.

NENTACITY SYSTE, o Chapter 10: Applications
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Application: Multifamily Residential
Non-Dwelling Ancillary Spaces

Gathering Rooms:

5 CFM/Person + 0.06
CFM/SF

Public Bathrooms:
25 CFM/unit Exhaust
single occupant

50 CFM/unit Exhaust
multi occupant

A good strategy to supply into gathering room and exhaust
from the adjoining bathrooms.

* Dedicated HRV(s) for this purpose
e Good occupancy for CO, control — low rate to meet bathroom
requirements and ramp up with increased occupancy.

\|E\\\TAE‘TY SYSTEMS

ALWAYS HEALTHY + ALWAYS EFFICIENT
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Application: Multifamily Residential
Non-Dwelling Ancillary Spaces

Laundry Rooms:

7.5 CFM/Person + 0.06
CFM/SF

» Likely can be tied into an HRV system with other spaces.

 Per IMC, dryer exhaust over 200 CFM must have make-up air!

» Possible strategy to build dryer bank into a make-up air plenum
behind the machines.

* Interconnect make-up air dampers to open with dryer operation

\IE‘\‘TAU_TIESTEMS Chapter 10: Applications
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Application: Multifamily Residential
Non-Dwelling Ancillary Spaces

Gyms:
20 CFM/Person + 0.06
CFM/SF

Storage Rooms:
0.12 CFM/SF

Office Spaces:

5 CFM/Person + 0.06
CFM/SF

e Can likely be tied into HRV with other spaces
 Gym may utilize dedicated HRV with CO, control since high
rates and intermittent usage likely.

\IE‘\‘TAU_T:SSTEMS Chapter 10: Applications
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Application: Office Building

Office Spaces:

5 CFM/Person + 0.06 CFM/SF
Conference Rooms:

5 CFM/Person + 0.06 CFM/SF
Corridors:

0.06 CFM / SF
Storage Rooms:

0.12 CFM/SF
Public Bathrooms:

25 CFM/unit Exhaust single occ.

50 CFM/unit Exhaust multi occ.
Break Rooms:

5 CFM/Person + 0.12 CFM/SF
Kitchenette:

0.3 CFM / SF Exhaust
Janitor’s Closets:

1.00 CFM / SF Exhaust

\IE‘\‘TAU_T:ESTEMS Chapter 10: Applications
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Application: Office Building

EXERCISE

8
=8 [

30/60 CFM [
rEqd = = L
ol ofE| off| T8
Ot 220] 50] ,
MEN'S || WOMEN'S = {
32;:1Y :Rof::nK REST || REST ozl MEETING 1
ROOM || ROOM 6"
9 6" - o~
CO M-
‘ = [ ——
f .12- e - .9. —= '6_
P, % 12*
N 0
¥ Tcozl (" ¢ %6 =
u\! = 75’\ cD @

14" .
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EN'S WOMEN'S VS1000|| RT \ _[
HOWER . || SHOWER ARGVE
[E]
g MEETING 4
35 | i L
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N
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Supply to:
Open office space
Individual offices
Conference/meeting rooms
Corridors
Storage rooms (possibly)

Exhaust from:
Bathrooms
Utility/Janitor’s closets
Kitchenette/break room

Strategies:

CO2 Demand control for
conference rooms

Oversize ductwork for
ecomomizer mode

Chapter 10: Applications



Application: Retail Building

Typical Sales Retail Occupancy:
7.5 CFM/Person + 0.12 CFM/SF
 HANAARD

T A e e | r—r Other specialty categories -
e see ASHRAE 62.2

Strategies:
— ere Widely varying occupancy -
TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone (Continued) CO2 Demand control
(Table 6.2.2.1 shall be used in conjunction with the accompanying notes.)
o omr Ao Detautt vaue Supply sales floor
Air Rate Air Rate Occupant Density Combined Outdoor
%, R, (seeNated)  Air Rate (see Note 5 Exhaust bathrooms and storage
¢ 5 ft? c s ir
Occupancy Category p:-’s/on :‘/erson cfm/ft> L/sm?> Notes 11:;31‘:)0 m? pg:-‘s/on :;:rson é:ass rooms
Residential . .
— Potentially exhaust locally if any
Dwelling unit 5 25 0.06 03 F.G,H F 1 .
Common coridors ~ — 0w o3 m | product is odorous / off-gasses
Retail
Sales (except as below) 7.5 3.8 0.12 0.6 15 16 7.8 2
Mall common areas 7.5 38 0.06 03 H 40 9 4.6 1
Barbershop 7.5 3.8 0.06 03 H 25 10 5.0 2
Beauty and nail salons 20 10 0.12 0.6 25 25 124 2
Pet shops (animal areas) 75 38 0.18 0.9 10 26 12.8 2
Supermarket 7.5 3.8 0.06 03 H 8 15 7.6 1
Coin-operated laundries 7.5 3.8 0.12 0.6 20 14 7.0 2
TY S . .
JENTACITY SYSTE, Chapter 10: Applications
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Application: Schools

TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone
(Table 6.2.2.1 shall be used in conjunction with the accompanying notes.)

:‘i‘:’l:‘l:t(:“'d“"r :ir::{?t:moor (D)::l:)l::;all):enssitv Combined Outdoor 14 d Iffe re nt C I aSS roo m ty p eS
u u Gulohs)  Akish (w3 depending on age and utilization
cfm/ L/s: #/1000 fe cfm/ L/s: Air
Occupancy Category person person cfm/f? L/ssm®> Notes or #/100 m* person person Class
Educational Facilities . .
Daycare (hroughaged) 10 S 018 09 2 17 86 2 Ancillary spaces can include:
Daycare sickroom 10 5 0.18 0.9 25 17 8.6 3 .
Classrooms (ages 5-8) 10 5 0.12 0.6 25 15 7.4 1 Cafete rl aS
Classrooms (age 9 plus) 10 5 0.12 0.6 35 13 6.7 1 . .
Lecture classroom o 3.8 0.06 0.3 H 65 8 43 1 Au d Ito rl u m S
Lecture hall (fixed scats) 7.5 3.8 0.06 0.3 H 150 8 4.0 1 .
Art classroom 10 5 0.18 0.9 20 19 9.5 2 GymnaS|umS
Science laboratories 10 5 0.18 0.9 25 17 8.6 2 1
University/college 10 5 0.18 0.9 25 17 8.6 2 Offl Ce S pace
laboratories . .
Wood/metal shop 10 5 0.18 0.9 20 19 9.5 2 L I b rarl eS
Computer lab 10 5 0.12 0.6 25 15 74 1
Media center 10 5 0.12 0.6 A 25 15 74 1
Music/theater/dance 10 5 006 03 H 35 12 5.9 1 AnCi | |ary Spaces beSt Served by
Multiuse assembly 75 38 0.06 03 H 100 8 4.1 1 .
dedicated systems
Often fluctuating occupancy
May only be utilized part-day
CO2 Demand control potential
\l‘aNTAE‘_TIESTEMS Chapter 10: Applications
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Application: Schools

A Classroom Strategies:

Individual classroom HRVs
CO2 Demand control potential
Minimize ductwork

Central Systems

Can use CO2 demand control
with zone dampers

Possibility for reduced equipment
sizing with diversity if not all
spaces used simultaneously.

Quiet equipment operation critical

\IENTAE‘_TIESTEMS Chapter 10: Applications
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Chapter 11: What’s Next?

\IE‘\‘TAEI_T,:ESTEMS Chapter 11: What’s Next :

ALWAYS HEALTHY - ALwAYS EFFicient  Mary 2017 | © Ventacity Systems, Inc.



Smart HRV / ERVs

Smart Building
Gateway (SBG)

Smart Building

Gateway (SBG)

y ” Ethernet

Crnmist - Diitlila s
Smart Builaing e
9 or WiFi

Gateway (SBG)

& N
(™ | T - '
) ﬁ B | Online Dashboard
.-'/j‘
i’f
Ventacity Cloud i s E-mailed Reports
" 4 0 "
R
Encripted Private L
Network (VPN) Ng

E Mobile Alerts

® Smart Building Gateway
(SBG)

® Ventacity Cloud

® Desktop Web
Dashboards

® Contractor-
Branded
E-Mail Reports

® Mobile Web Apps
& Alerts

® One SBG per Building
® LTE = Secure & Simple
® VPN = Security
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MONTANA

& JonahPeskin

Uon Activity & Alerts

Ventacity Labs
SOU
DAK

NE 0 The Ritz-Cariton - Dove Mountain

2 United Sta

OVERVIEW

® “At a Glance”
View of All

Buildings Under
Purview

® Color Coded
Status:

®Yellow =Warning
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Google

Controiled Units

Ventadty Systems Inc.
2628 SW Corbest Ave
Portiand, OR 97201
14888} VENTILA

©2017 Ventacity Systems Inc. | All Rights Reserved

Activity & Alerts
e 0 by
Ventacity Lab
Ventacity Lab

+

Moo cwa 82577 Google Terms of Use Beporta map emor

OVERVIEW

® “At a Glance” View
of All Equipment
On-Site

® Manage Zones

® See Air Quality &
Energy Efficiency
Status
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Zones

Reception & Lobby

Executive Offices

o

Target Temperature:

Health & Comfort

Ventacity Lab

Q 2121 N jackondon:

Corvallls, OR 97330, USA

Main Boardroom

Current Temperature:

o

Target Temperature:

Work Lab

Current Temperature:

2 JonahPeskin

Smart Building Gateway

Meeting Room A Meeting Room B
Current Temperature;  Curren it Temperature:
Target Temperature: a ¢

Energy & Efficiency

Energy & Efficiency Optimal

OVERVIEW

® “At a Glance” View
of All Equipment
On-Site

® Manage Zones

® See Air Quality &
Energy Efficiency
Status
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OVERVIEW

N‘ACITY SYS’[EI,
JENTACITY S¥STeyg

®New & Improved
Air Flow Diagram

| -
® Bypass / Economizer

American Dream Pizza

DI EIR

y Status: Requires initial configuration

Configure &

V51000 Unit #1 Activity & Alerts

62 124 qENU\C\TY SYSTEMS
A 33 —— ——
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OVERVIEW

ITY SY

® Real-Time Gauge
Indicators

@ » Dashboard

f},- American Dream Pizza
a e ® Hover-Over Unit

DI EIR

Health & Comfort o Energy & Efficiency °

| , ®Zone Ul
‘V"'Y‘h‘"lgf‘M‘T“‘hli-‘Omef'Jh.l" - Ene.rgyconsun‘wpufnamcal: L
(:) iy Q ant Improvements

Zones NEW 20NE
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Air Quality

Energy Efficiency

PP ey ey

F PPy

'''''''''''''

............
LR R AR A A

OVERVIEW

® Trends Over Time
1d, 1mo, 1yr, etc.

® Summary
Warning / Error
Indicators

® Contractor Branded
Reports E-Mailed to
Customer
(Relationship
Building for Service

Contracts)
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OVERVIEW

o - Té ® “At a Glance” VRF
Unit Status

® Key Performance
Indicators

® Basic Controls

. =
Emm@ew [0 =
- . -
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Thank you

For more information:

Visit  www.ventacity.com
Email info@ventacity.com
Call 888-VENTIL-8

Ventacity.com aubrey@ventacity.com
iInfo@ventacity.com
(888)VENTIL-8 barry@ventacity.com
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